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In
the
fall
of
1976,
the
Great
Lakes
Water
Quality
Board
directed
its
Implementation
Committee
to prepare
a
report
on
the
current
available
information
related
to
persistent
toxic
substances
in the
Lake Ontario
Basin.
This
report
was
presented
to
the
Board
in
December
1976.
The
recom—
mendations
contained
herein were
endorsed by
the
Board
and
released
to
the
public.
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SUMMARY AND CONCLUSIONS
A group of toxic substances with known or potential adverse effects on
aquatic life and public health has been identified in the Great Lakes.
Available data from monitoring programs on the distribution and bioaccumu-
lation of these substances in Lake Ontario have been summarized in this
report. A significant amount of information exists on the substances that
have been of concern in recent years such as Mirex [Dechlorane], PCB, DDT and
mercury. This information results from intensive monitoring efforts by
environmental agencies in reaction to specific problems that have arisen.
However, for other organic substances meeting the criteria of toxicity,
persistence, bioaccumulation and presence anywhere in the Great Lakes envi-
ronment, additional quantitative information is needed on sources and levels
of the substances in the environment.
RECOMMENDATIONS
The Implementation Committee recommends the following to the Water
Quality Board:
1. Monitoring and laboratory programs in support of the International Great
Lakes Surveillance Program in Lake Ontario should be continued at a
level sufficient to establish
(a) trends of toxic substances such as Mirex [Dechlorane], PCBs, DDT
and mercury for which some information is available, and
(b) the significance of the other toxic substances for which only
qualitative information is available.
2. Water quality objectives and/or statements indicating a desired absence
for a material should be considered for the substances identifiedin
this report.
3. The collection, analysis and dissemination of data on sources and
environmental distribution of persistent toxic substances should be
extended to the entire Great Lakes system. These data would be gathered
by the Surveillance and Remedial Programs Subcommittees.
4. Research should be intensified to determine the pathways, fate and
effects of potentially toxic elements. Such efforts will be useful in
the further development of surveillance and remedial programs to protect
human health, fishery resourcesand wildlife of the Great Lakes.
5. The environmental health agencies in both countries should consider
establishing required action levels for the protection of human health
from substances and any combination of toxic substances identified in
this report and other toxic substances which may be identified in
future.
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BACKGROUND OF THE STUDY
At the September 1976 meeting of the Water Quality Board, the issue of
toxic materials in Lake Ontario was discussed at some length with particular
emphasis on the immediate problems relating to mirex, kepone,
PCBs and other
identified
pesticides.
The
State of New
York
suggested
to
the Water
Quality
Board
that
a
reference
or
work
group
be
established
to
address
the
following
areas:
1.
Review of available
data
on
the
distribution
and bioaccumulation
of
toxic materials.
2.
Coordination of future programs to assess the degree of contamina—
tion of Lake Ontario.
3.
Recommendations regarding future data collection,
financial and
technical assistance to conduct necessary programs and measures
to
protect the public health and resources of Lake Ontario.
In response to the State of New York's suggestion,
the Water Quality
Board directed the Implementation Committee to review the available data on
the distribution and bioaccumulation of toxic materials in Lake Ontario.
It
also directed the Committee to investigate the feasibility of utilizing the
existing committee structure of the Board to undertake items #2 and #3.
APPROACH AND ACTION TAKEN BY THE
IMPLEMENTATION
COMMITTEE
On October'8, 1976, the Implementation Committee called a special meeting
of technical experts
fromU.S. EPA, State of New York, Environment Canada and
Environment Ontario
to assist it in establishing the foundation for a thorough
review of available data and information on the distribution and bioaccumula—
tion of toxic materials
in Lake Ontario.
The group recognized that there are
numerous lists of toxic substances currently being considered or examined by
various environmental and health agencies in both countries and that the first
step should be to determine which toxic materials are to be considered for the
data
collection
effort.
It was
the
opinion
of
the
experts
and
Committee
members present at the meeting that four lists of toxic substances should be
prepared from the existing
numerous lists which have been developed and sup—
plied
by
the
various
agencies.
In this
manner,
the
resources
and
expertise
of
the agencies are utilized.
In order to organize the lists to a manageable
size,
the
following
four
criteria
are
considered:
Criterion l:
The toxic substances must be identified in the
biota, rainwater, effluents, etc.
Criterion 2:
There is evidence of bioaccumulation as determined
by such indices as the partition coefficient.
Criterion 3:
The substances must be toxic to either fish, man
or wildlife or be a mutagen, carcinogen, or teratogen.
Criterion 4: The substances must be persistent.
 
  
The first list (List #1) consists principally of the revised or new water
quality objectives recommendedby the Water Quality Board to the Commission
for adoption. Several other substances of immediate concern are included.
Chemicals on this list meet all four criteria.
The second list (List #2) is derived from the following sources:
0 A general list of problem substances drawnup by the Environmental
Contaminants Control Branch of Environment Canada based upon inven-
tories of those chemicals which are presently being studied or have
been designated as hazardous or toxic by such organizations as EPA,
NIOSH, WHO and NRC Canada.
0 A list of pollutants forming part of a court settlement Agreement
between U.S. EPA and the Natural Resources Defense Council dated
June 7, 1976.
0 v A list of substances which may cause chronic health effects as a
result of exposure to a low concentration over a long period of
time. The list was supplied by the Ontario Ministry of the Environ-
ment.
List #2 consists of those substances from the above sources which meet all
four criteria. The remaining substances from the above sources which do not
meet all four criteria will constitute a third list (List #3).
The fourth list (List #4) will consist of toxic substances which are
known to be used, manufactured or discharged in the Great Lakes.
First two of the four toxic substances (Lists #1 and #2) lists have been
prepared and are shown in Tables I and II. While this report deals only with
Lake Ontario, the toxic substances identified here are applicable to the
entire Great Lakes Basin.
Current availability of data for these substances
in Lake Ontario is also indicated in the Tables.
The lists may change as more
data become available.
OBJECTIVES OF THE STUDY
This report is prepared with the following objectives:
1.
To consolidate all the available information and data on the bio—
accumulation
and
distribution
of certain
toxic
substances
in Lake
Ontario.
2.
To present a general overview of the toxic pollutant problems in
Lake Ontario.
3.
To
identify
information
gaps where
they
occur and make
recommenda-
tions.
4.
To
establish an
information
baseline
on which
future
data
collection
on toxic materials can be based.
5.
To relate
the
presence
of
toxic
materials
to
possible
sources
and
remedial or preventative actions.
4
  
  
This work should lead to the determination of the quantitative signifi-
cance for aquatic life and human health of the toxic substances identified in
this report and establishment of action levels where human consumption of fish
is involved.
OVERVIEW OF LAKE ONTARIO FISH DATA AND ACTION LEVELS
Table III shows an overview of the available data on toxic substances
identified in this report for which U.S. action levels or Canadian guidelines
have been established. The ranges of concentrations in Lake Ontario fish for
Mirex, PCBs, DDT, mercury, heptachlor, endrin, aldrin/dieldrin and arsenic are
presented. The recommended or proposed water quality objectives for the
Agreement are also included. The maximum values for Mirex, PCBs and mercury
exceed those U.S. action levels and Canadian guidelines for human consumption.
The maximum concentrations reported for mercury, DDT and PCBs in edible tissues
also exceed the Agreement objectives for whole fish samples. While the values
in the Table represent a wide range of fish species, number of samples analysed,
age, size and sex, and the portion of sample considered as edible tissue may
vary, the fact that certain substances in Lake Ontario fish approach or exceed
levels considered unsuitable for human consumption must be a matter of concern.
Furthermore, it is known generally that a compound which undergoes bioaccumula-
tion and biomagnification will have whole body levels greater than those in
edible tissues because of greater accumulation in lipids, nervous tissues and
other body organs.
This means that for the several substances reported in the
edible fish tissues, higher levels could be expected in the whole fish.
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 TABLE II: PERSISTENT Tox1c SUBSTANCES (LIST #2)
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O
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Benzene
' X
1,2 — 1,3 -, 1,4 - dichlorobenzenes
X
Trichlorobenzene
Tetrachlorobenzene
Pentachlorobenzene
Hexachlor
obenzene
HCB
p L bromoanisole
Chlorinated naphthalene
Methylnaphthalene
X
Phenol
.
X
N Trichlorophenol
Pentachlorophenol
Tetrachlorophenol
Carbon tetrachloride
X X
Chloroform
X
Bromoform
Tetrachloroethylene
X
Chlorinated Styrenes (Octa & Poly)
X
Hexachlorobutadiene (HCBD)
Toluene '
X
Pentabromotoluene
2,3,7,8 - tetrachlorodibenzo
~p— dioxin (TCDD)
BHC (l,2,3,4,5,6 - hexachlorocyclohexane)
B - BHC (Benzene hexachloride)
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Polybrominated Biphenyls
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X
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Chlorinated terphenyls
Polynuclear Aromatic Hydrocarbons
X
X
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X indicates that qualitative or quantitative data can be found in this report.
 TABLE III
SUMMARY OF U.S. AND CANADIAN DATA FOR SELECT TOXIC SUBSTANCES IN LAKE
ONTARI
O
 
ACTION LEVELS AND GUI
DELINES (ug/g)
Edible Port
ion of Fish
Unless Othe
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fied
 
U.S.
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PROPOSED 0R
RECOMMENDED
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CTIVE
RANGE O
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Fish (Hg/g)
Water (ug/R)
[Edible Portion
Unless
Otherwis
e
Specified]
 
Mirex
PCBs
DD
T
Mercury
Hep
tac
hlo
r
Endrin
Aldrin/
Dieldri
n
Toxa
phen
e
Kepone
Lead
Arsenic
Lindane
0.1
5.0
5
.
0
0.5
N
W
O
0.3
0.3
0.3
5.0
1
0
marine & fr
esh water
animal products
5.0
marin
e &
fresh
water
animal
products
  
Being d
eveloped
.
0.1 ug/g whole fish a
nd wet weight
1.0 ug/g whole fish a
nd wet weight
.2 ug/l
in water
.5 ug/g
whole f
ish and
wet wei
ght
.3 ug/g edible portion
.3 ug/g edi
ble portion
.3 ug/g edi
ble portion
.008 ug/
£ in wa
ter
10 ug/i Lak
e Superior
20 ug/l Lake Huron
25 ug/Q All others
50 ug/l
in water
.3 ug/g edi
ble portion
.01 ug/l in water
0.002 1.3
0.008 22.5
0.01
- 4.0
8
<0.05 -
1.99
0.05 -
0.07
0.001 - .003
<0.001 0.003
<0.0
01
—
0.01
6
0.05 v 0.07
0.2 — 1.2
(whole fish and
wet weight)
<0.005 ~ 0.008
  
  
 
  
1. DATA ON POINT SOURCES
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s or
producers. The majority of these industries discharge to municipal collection
systems. Industries have been identified using the Standard Industrial Clas-
sification Code as shown in Table 1.2. All industries are being asked to
respond to the questionnaire contained in Table 1.3.
In Ontario, several organics have been identified in industrial effluents
(Table 1.4) located in the Lake Ontario Basin. There are also regular monitor—
ing of industrial wastes for mercury, lead, arsenic and cadmium.
Specifically for PCBs, there are numerous minor sources of discharges.
Because of the quantities involved, the greatest potential for loss is within
the electrical industry via losses during the manufacture, sale, distribution,
use and ultimate disposal of electrical equipment containing PCB.
Municipal sewage treatment plants, electrical equipment manufacturers,
industries using PCB as heat transfer or hydraulic fluids andpaper recycling
plants have all been identified as sources of discharge. However, the quanti—
ties involved are unlikely to be sufficient to account for the estimated
quantities in sediments and waters in the Ontario environment. PCBs data
collected on municipal wastewaters and industrial effluents are shown in
Tables 1.5 and 1.6. Estimated 1974 PCBs loadings for certain municipal plants
in the Lake Ontario basin are shown in Table 1.7.
Borg—Warner Canada Limited in Cobourg, Ontario had used PBB in one of its
minor manufacturing processes. Samples of raw wastewater and treated effluent
taken at the Cobourg plant indicated 0.7 ppb and 0.01 ppb of Polybrominated
Biphenyls.
High levels of PCB in sewage in Toronto, Peterborough and Hamilton are
likely the result of past or present disposal practices at transformer and
capacitor manufacturing plants in these municipalities. Other potential
sources of direct discharge into sewerage systems may be disposal of quanti—
ties of PCB insulating oil removed from industrial and public utility trans—
formers for routine checking, and the losses from industrial hydraulic and
heat transfer systems containing PCBs.
The Great Lakes Water Quality Board Annual Reports also contain data on
point source discharges of phenols in Lake Ontario.
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cal C
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Allie
d Che
mical
Corp.
Geode
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Hydroc
arbons
Mercury
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ed Hydroc
arbons
Carbon Di
sulfide
Tetrachlo
roethylen
e
Tetrachloromethane
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Dichlorobenzene
Other
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Hydroc
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(Av
g.)
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(Avg.
)
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(Ma
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None
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(Avg.
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(Max.
)
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No Li
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No Li
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*
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 PART III TABLE 1.3 (b)
SUBSTANCES 0F CONCERN
(Refer to attached TABLE )
Complete all information for those substances your facility has used, produced, stored, distributed 0r otherwise disposed of since January 1, 1971. Do nor
|nclude chemicals used only In analytical laboratory work. Enter the name and code from Table I. if facility uses a substance in any of the Classes A — F
which is not specified in the list, enter it as code class plus 99, e.g. 899 with name, usage, etc.
PURPOSE OF USE
AVERAGE AMOUNT Now _ (State whether produced, reacted, blended,
NAME OF SUBSTANCE
CODE ANNUAL USAGE
0N HAND
packaged,‘distributed, no longer used, etC.)
  
If you use chemicals of unknown composition, list trade name Or other identificationiname of supplier and complete information.
 
(4/) PURPOSE OF use
AMOUNT Now , . (State whether produced, reacted,
NAME OF SUBSTANCE 2’ 3 SUPPLIER blended, packaged, distributed,
USAGE 0N HAND ‘3 no longer used, etc.)
     
I hereby afilrm under penalty of perjury that information provided on this form is true to the best of my knowledge and belief. False statements made herein
are punishable as a Class A misdemeanor pursuant to Section 210.45 of the Penal Law.
SIGNATURE (Owner, Partner, or Officer) DATE
 
_ NAME (Prlnted or Typed) TITLE
 
l3
1
4
CLASS A - HALOGENATED HYDROCARBQLS
A01. Methyl chlmide
A02.
Methylene
chloride
A03. Chloroform
A04. Carbon tetrachloride
A05. Freon/Genatron
A06. Other halomethanes
A07. 1. l, 1-Trichlorethane
A08. Other haloethanes
A09. Vinyl fluoride
A10. Vinyl chloride
A11. Dichloroethylene
A12. Trichloroethylene
A13. Tetrachloroethylene
A14. Chlorinated propane
A15. Chlorinated propene
A16. Hexachlorobutadiene
A17. Hexachlorocyclopentadiene
MIL-Chlorinated benzene
A19. Chlorinated toluene
A20. Fluorinated toluene
A21. Polychlorinated biphenyl (PCB)
A22. Chlorinated naphthalene
A23. Dechlorane (CWCIIZ)
.A24. Hexachlorocyclohexane (8110)
A99. Halogenated hydrocarbons not specified above
CLASS 0 - AROMATIC HYDROCARBONS
001. Benzene
002.
Toluene
003. Xylene
004. Biphenyl
005. Naphthalene
006. Ethylbenzene
007. S
tyrene
008. Acenaphthene
009. Fluoranthene
099. Aromatic hydrocarbons not specified above
CLASS
E - TA
RS
£01. Coal tar
E02. Pe
troleum
tar
E99. Tars not specified above
91-15-5 02/76)
 
TA
BL
E
1.
3
(c
)
SUBSTANCES 0F CONCERN
CLASS I - NALOCEAATID OEAIICS (other than hydrocarbons)
801. Phosgene
802. Methyl chloromethyl ether
803. bis-chloromethyl ether
804. Other chloroalkyl ethers
805. Benzoyl chloride
806. Chlorothymol
807. Chlorinated phenol
808. Chlorinated Cresols or xylenols
809. Chlorendlc acid
810. Chloroaryl ethers
811. Dichlorophene or hexachlorophene
812. Chlorinated aniline (including methylene bis (2-chloroaniline) )
813. Dichlorobenzidine
814. Chlorinated diphenyl oxide
815. Chlorinated toluidine
816. Kepone (C‘OCI'OO)
817. Dichlorovinyl sulfonyl pyridine
818. Chloropicrin
819. Trichloromethyl thio-phthalimide
B20. Trichloro-propylsulfonyl pyridine
821. Tetrachloro-methylsulfonyl pyridine
822. Tetrachloro-isophthalonitri le
CLASS C - PESTICIDES (Includes herbicides. algaecldes, biocldes.
slimlcides and mlldewcldes)
 
COl
. A
ldr
in/
Die
ldr
in
C02. Chlordane and metabolites
C03. DDT and metabolites
C04. Endosulfan/Thiodan and metabolites
C05. Endrin and metabolites
COG. Heptachlor and metabolites
C07. Malathion
C08. Methoxychlor
CO9. Parathion
010. Toxaphene
C11. Sevin
C12.
Keithane
C13. Diazinon
Cl4.
Dithan
e
C15
. C
arb
ary
l
016. Silvex
Cl7. Dithiocarbamates
018. Maneb
019. Dioxathion
020. Tand
eX/Karbut
i late
C21. Carbofurans
C22. Pentac
C23. Folpet
024. Dichlone
C25. Rotenone
C26. Lindane/isotox
C27.
Simazine
C28. Methoprene
899. Halogenated organics not specified above
CLASS F — SUBSTITUTED AROIATICS (other than h docarbons
and non-halogenated)
  
F01. Phenol, cresol, or xylenol
F02. Catechol, resorcinol, or hydroquinone
F03. Nitrophenols
F04. Nitrobenzenes
F05.
Nitrotoluenes
F06. Aniline
F07.
Toluidines
F08. Nitroanilines
F09.
Nitroanisole
F10. Toluene diisocyanate
F11. Dimethylamlnoazobenzene
F12. Benzoic Acid (and Benzoate salts)
F13. Phthalic, isophthalic or terephthalic acid
F14. Phthalic anhydride
F15. Phthaiate esters
F16. Phenoxyacetlc acid
F17. Phenylphenols
F18. Nltrobiphenyis
F19. Aminobiphenyls (including benzldine)
F20.
Diphenthydrazlne
F21. Naphthylamlnes
F22. Carbazole
F23. Acetylaminoﬂuorene
F24. Dyes and organic pigments
F25. Pyridine
F99. Substituted aromatics not specified above
C99. Pesticides not specified above
CLASS G - MISCELLAN
001. Asbestos
602. Acrolein
603. Acrylonitrile
(104. lsophorone
GOS. Nitrosamines
GOG. Ethyleneimine
GO7. Propiolactone
608. Nitrosodimethylamine
609. Dimethyl hydrazine
610. Maleic anhydride
Gll. Methyl isocyanate
612. Epoxldes
613.
Nitrofurans
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TABLE 1.4
ORGANICS IDENTIFIED IN INDUSTRIAL EFFLUENTS IN LAKE ONTARIO
 
BORG WARNER - Cobourg
— tetrachloroethylene
— acrylonitrile
— butadiene
— cumene
discharged to
Lake Ontario
CORNWALL CHEMICALS - Cornwall
— benzaldehyde
- benzephenone
discharge to Domtar
effluent and treatment
system to St. Lawrence River
F.M.C. OF CANADA LTD. — Burlington
 
- endosulfan (suspected —
analysis not completed)
discharge to sewage treatment
plant to Hamilton Harbour
 
SOURCE: Ontario Ministry of the Environment, 1976.
   
 
  
   
   
 
   
 
  
   
  
   
  
   
     
    
TABLE 1:5
PCB’S IN WASTEWATERS FROM SELECTED
ONTARIO MUNICIPALITIES - 1975
k =
AVERAGE *PCB
LOCATION FLOW CONCENTRATION
(MIGD) (ppb)
Cornwall 10. 0 0. 05
Brockville 3. O 0. 09
Kings ton ll. 9 0. 05
Belleville 7 . 0 ND
Trenton 2 . 0 0. 06
Cobourg 3. 0 ND
Oshawa 9 . 0 ND
Toronto East 180. 0 ND
Toronto Humber 63 . 0 0. 57
Clarkson 9 . 0 ND
Oakville 6 . O O. 40
Burlington 8. 0 0. 30
Hamilton 52 . 0 O. 10
Port Weller 8. 5 0.03
St . Catherines 9 . 0 ND
Port Colborne l. 2 O. 10
*Concentration represents a mean of two analyses .
SOURCE: "Polychlorinated Biphenyls in the Ontario Environment" ,
MOE Report , July 1976.
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 TABLE 1.6
PCB'S IN SELECTED INDUSTRIAL EFFLUENTS - 1975/76
1
7
 
LOCATION
COMPANY
DATE
SAMPLED
EFFLUENT
TYPE
DAI
LY
DISCHARGE
(Litres)
PCB
CONC.
(Hg/K)
EST. DAILY
PCB LOADING
(grams)
EST. ANNUAL*
LOADING
(grams)
DISCHARGED
T
O
St. Catherines
St. Catherines
 
General Motors
Plant #1
Plant
#1
Plant
#2
Plant
#2
Ferranti Packard
 
Nov.
Nov.
Nov.
Feb.
Nov.
Nov.
18/75
18/75
18/75
<23/76
18/75
18/75
 
Cooling Water
Process
Water
Process Water
Process Water
Final
Effluent
Final
Effluent
 
4,500,000
1,500,000
109,200,000
514,000
 
3.20
0.90
 
11.70
0.53
16.38
0.46
 
2,925
133
4,095
115
 
Twelve Mile Creek
Sewage Treatment Plant
Welland Canal
Sewage Treatment Plant
 
*Based on 250 working days
SOUR
CE:
"Polychlorinated Biphenyls in the Ontario Environment", MOE Report, July
1976.
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MIREX
On the U.S. side of Lake Ontario, there appears to be two major sources
of mirex to the lake, one in the Niagara River area, and one in the Oswego
River area. '
The only Niagara River source thus far identified is the Hooker Chemical
Company, Niagara Falls, New York. The United States Environmental Protection
Agency (U.S. EPA) and NYDEC carried out a preliminary sampling program for
mirex at the Hooker plant on July 13, 1976. The results of the sampling
program indicated that, despite the fact that Hooker has not produced mirex
since 1967 and has not ground or packaged it since April 1975, there is still
an apparent discharge to the Niagara Falls municipal sanitary sewer system.
Traces were also found in cooling water outfall which formerly served the
mirex manufacturing and grinding areas.
A comprehensive sampling program was carried out from September 28 to 30,
1976 at the Hooker plant site. The survey teamincluded personnel from NYDEC,
U.S. EPA and Hooker Chemical Company. Fourteen points within the Hooker plant
site were sampled on three consecutive days and analyzed for mirex. These
sample sites included the 4 direct discharges to the Niagara River and the
connection to the City of Niagara Falls collection system. Extracts of all
samples will be retained by the three laboratories involved for further analysis
of targeted substances and rechecking if necessary. It was the consensus of
all parties in the sampling program that mirex was ggt confirmed to be present
in any of the samples.
A sediment sampling program in the Oswego Riverhas confirmed that mirex
was (or is) discharged to the Basin. An effluent sampling program is presently
underway to locate the source(s).
In Ontario, two firms in the Lake Ontario Basin have purchased Dechlorane
from Hooker:
Names Purchase Period Amount Purchased
Presstite, Georgetown 1963-68 287,000 lbs.
Northern Electric, Kingston 1965 3,060 lbs.
Investigations have begun to determine if Presstite's activities are
causing contamination problems in the vicinity of the two Georgetown disposal
sites and the plant itself.
Northern Electric in Kingston has been contacted as well as other asso-
ciated companies in the area. The 3060 lbs. of mirex sold to Northern Electric
were sent to their Lachine, Quebec plant where they were used primarily in
experimental formulations for cable insulation. Environment Canada in Quebec
is following the matter up and will trace the fate of the waste material.
19
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CHEMICA
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AS OF O
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1976
DATE COLLECTED BY
LABORATORY
PURPOSE
REMARKS
Nov.
15,
1974
Aug.—Sept. 1976
Sept.27~30, 1976
EPA; DEC
Hooker Chem.
Co.
EPA; DEC;
Hooker
EPA
Hooker Chem.
Co., Univ.
of
Miss.
EPA; Hooker;
Univ. of New
Orleans
To det
ermine
magnit
ude of
Mirex dis
charge.
II
H II
A poss
ible d
ischar
ge of
up to
2 lbs
/day
was
ident
ified
.
Discharge rate wa
s less than
0.1 lb
s/day.
Awaiting results.
   
 
SOURCE: New York Department of Environmental Conservation.
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ill
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This
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is
expected to be completed by spring 1977.
In
a s
tud
y f
or
PLU
ARG
, r
ain
fal
l s
amp
les
hav
e b
een
col
lec
ted
at
cer
tai
n
agri
cult
ural
wate
rshe
ds a
nd a
naly
zed
for
PCBs
(Tab
le 2
.2).
Othe
r pr
elim
inar
y
info
rmat
ion
from
rain
—wat
er s
ampl
es
indi
cate
s th
at P
CBs
are
pres
ent
at a
bout
0.02 ppb based on four samples (three from Hamilton Harbour and one from
Wisconsin) (see Report of the PCB Task Force). The implication from this
preliminary work is that rain—water is a very significant source of PCB to the
aquatic environment, particularly to the Great Lakes.
Inefficient combustion of liquid and solid wastes containing PCB will
result in the vapourization of PCB into the atmosphere. Conventional multiple
hearth sewage sludge incinerators may be inadequate to destroy PCB residues in
these sludges. This is being reviewed by the Province.
A report (ORF 72-1) by the Ontario Research Foundation issued on October,
1972 described reliable sampling and analytical techniques and a few quantita-
tive measurements of PCBs at two sites. The ambient air concentration of PCB
(as Arochlor 1254, Monsanto's commercial mixture) at a site near the Hamilton
municipal incinerator ranged from 4 to 47 ng/m3 (ug/IOOOm3) and at a site on
the ORF roof (non—urban, light industrial) from 0.8 to 8 ng/m3. Both particu—
late and vapour-phase PCB were collected and measured by the methodology.
These fragmentary results suggested that the disposal of PCB—containing mater—
ials by incineration might be a SOurce of emissions to the atmosphere.
  
 TABLE 2.1
TRACE METAL IN PRECIPITATION FROM 6 MONITORING STATIONS
       
Z of Samples with Minimum Maximmn Mean
No . of values above Value Value Value
Samplies detection limit 112/2 ygjﬂ, ug/SZ,
Arsenic 17 9O <0.1 2.5 0.8
Cadmium S7 98 0.2 6.0 1.0
Lead 57 96 2 380 35
Selenium 17 100 0. 5 l . O O. 5
Zinc 57 98 2 820 87
Copper 57 100 1 . 5 100 9
Nickel 57 93 1 l7 3
Iron 5 7 100 4 3200 172
SOURCE:
Canada
Centre
for
Inland
Waters
22
    
       
: TABLE 2.2
RESIDUE 0F PCB IN RAINFALL, 1975
I =
j
.
Collection Dates & PCB Residues
(ppb)
Watershed 27 May 24 June 29 July
—23 June —28 July —03 September
Big Creek, Essex 0.06 0.05 0.05
Little Ausable, Huron 0.04 0.05 0.10
Upper Canagagigue, 0.01 0.05 0.07
Wellington
{4:
Middle Thames, Oxford
0.05
ND
0.10
Twenty Mile Greek
0.02
0.08
0.05
Niagara N.
Hillman Creek, Essex 0.03 0.06 0.07
SOURCE: Polychlorinated Biphenyls in the Ontario Environment.
MOE Report, July 1976.
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to 0
.4
ng/m
3 an
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se P
CB r
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om 2
to 8
ng/m
a.
At T
oron
to,
part
icul
ate
PCB ranged from 0.3 to 3 ng/m3 and vapour-phase PCB from 0.9 to 2.6 ng/ma.
The
rati
o of
PCB
in t
he v
apou
r-ph
ase
to t
hat
in t
he p
arti
cula
te—p
hase
rang
ed
from 2 to 20 over various samples taken at the three sites on different days.
PCBs were found predominantly in the vapour-phase and cannot be quantitated by
extracting Hi-Vol filters (particulate) alone.
In New York, the Division of Air Resources of the State Department of
Environmental Conservation maintains a computerized file of all industrial
process emissions to the ambient air of the State. Emissions are classified
into over 150 categories according to Table 2.3. The emission rates are
submitted by the source owners and reviewed by the State. Such data constitute
the sole basis of the emissions information used herein. Present estimates
are that 75 percent of all sources are included in the inventory and that only
a few major emitters are not. Twenty—two sources of aromatic halogen compounds
have been estimated to have a statewide annual emissions of 170,250 pounds.
Depending on the assumption made as to what fraction of the emitted pollutant
is deposited in the Lake Ontario Basin, the annual loadings to the lake range
from 39,500 to 148,300 pounds.
Table 2.4 shows rough estimates of the amounts of certain aliphatic
halogen compounds entering Lake Ontario. An air emission inventory for the
New York counties in the Lake Ontario drainage basin is presented in Table 2.5
for various specific substances.
There have been other limited special sampling studies for Benzo-a-
pyrene, a component of coal tar volatiles, which has been performed around the
coke ovens in Buffalo and Lackawanna. A limited study of ambient vinyl chlor—
ide samples around the Goodyear Niagara Falls plants has also been performed.
Reports on Benzo—a-pyrene, trace metals and vinyl chloride have not yet been
completed.
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TABLE 2.3
CLASSIFICATION OF AIRBORNE CONTAMINANTS IN NEW YORK
Sulfur
Com
ounds
Carbon
Disulfide
Hydrogen
Sulfide
Sulfur
Dioxide
Sulfur
Trioxide
 
Miscellaneous
Inorqanic
Gases
Anmonia
Carbon
Ozone
Radioactive Gases
Other Inorganic Gases
t
o
n
o
x
l
d
e
ORGANIC
GASES
(Aromatic)
 
Aromatic
H
drocarbons
B
e
n
z
e
n
Toluene
Xylene
’
Naphthalene
BaP
Phenanthrene
Aaridine
Chrysene
Pyrene
Anthracene
Naphtnenes
(Cyclohexane)
Coal
Tar
Pitch
Volatiles
(Benzene
Soluable
Fraction)
Aromatic
Phenols
—-~————_._
All
Phenol
Compounds
Agpmatic
Alcohols
&
Ethers
All
Aromatic
Alcohols
All
Aromatic
Ethers
Aromatic
Aldehydes
&
Ketones
Cyclohexanone
Other
Aromatic
Ketones
All
Aromatic
Aldehydes
Aromatic
Acids
and
Est
rs
All
Aromatic
Acids
All
Aromatic
Esters
'
Aromatic
Halooen
Compounds
All
Aromatic
Halogens
Aromatic
Nitro
en
Com
ou
ds
Aromatic
Amines
Aromatic N Compounds
440
490
51
0
520
525
53
0
595
540
545
55
0
60
0
605
61
0
615
62
0
625
‘
6
3
0
635
640
645
65
0
655
660
66
5
670
675‘
680
685
690
N
e
w
Y
o
r
k
D
e
p
a
r
t
m
e
n
t
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
C
o
n
s
e
r
v
a
t
i
o
n
.
Aromatic Sulfur Com ounds
All Aromatic Sulfur Compounds
 
Miscellaneous
All Other Aromatic Gases
ORGANIC GASES (Aliphatic)
  
Other Non-Methane Alkanes
Acetylene
Butene
Ethylene
Propylene
Other Alkenes
Other Aliphatic Hydrocarbons
Aliphatic Alcohols & Ethers
Methyl Alcohol (Methanol
Ethyl Alcohol (Ethanol)
Isopropyl Alcohol
Isobutyl Alcohol
Other Aliphatic Alcohol
Dimethyl Ether
Ethyl
Ether
Other Aliphatic Ethers
 
Aliphatic Aldehvdes a Ketones
Formaldehyde
Acetaldehyde
Acrolein
Other
Aliphatic Aldehydes
D‘nethyl
Ketone
(Acetone)
Diethyl
Ketone
Methyl Ethyl Ketone (MEK)
Methyl Butyl Ketene (Hexanone)
Meth
l
Isobutyl
Ketone
(Hexone,
MIBK)
Other Aliphatic Ketones
Ali
hatic Acids
and Esters
Formic
Acid
Acetic Acid
Other Aliphatic
Acids
Methyl
Formate
Ethyl
Formate
Other
Formates
Isopropyl‘Acetate
Other
Acetates
Other
Aliphatic
Esters
700
705
7
1
0
7
1
5
7
2
0
7
2
5
.
7
3
0
7
3
5
7
4
3
7
5
0
760
7
7
0
7
7
5
7
8
0
800
805
81
0
815
82
0
83
0
84
0
Methyl Chloride
Chloroform
Carbon let:
Perchl
oroetn
yle.
Trichlorce“‘
[chloride
  
Trichlcroe
Fhosgena
Vinyl Chloride
Other Aliphatic Chloride Compounds
Methyl Broxlde
Vi
ny
l
Bro
ri
a
        
Other Al'
Other Al
Aliphatic
Hydrogen Cyanide
Cyanide Co,pound
Aniline
Hydrozi"e
Methyl
.ne
Other Aliphatic Amines
  
Dim.tn'
Dimethy
Diethyl
Other A
Other A
Miscellaneous ur::nic VATCCJCjC
Gasoline
Kerosene
Paint Thinn:r
Organic Solvents
Sulfonic Acid
Non—Specific Cdorcuscrganics
Radioactive Organic
Miscellaneous Organics
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borde
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the l
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0 po
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per
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, Mo
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ty.
20,
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50,
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yea
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,00
0 p
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n C
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a C
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e f
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0 po
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unty
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 TABLE 2.5
AIR EMISSION INVENTORY FOR NEW YORK COUNTIES
IN LAKE ONTARIO DRAINAGE BASIN IN 1976
CONTAMINANTS
NO. OF SOURCES
  
Sulfuric Acid Mist
Hydrogen Chloride
Hydrogen Fluoride
Benzene
Toluene
Xylene
Naphthalene
Coal Tar Pitch
All Pehnol Compounds
Formaldehyde
Dimethyl Ketone
Methyl Ethyl Ketone
Methyl Chloride
Arsenic
Cadmium
Copper
Iron
Lead
Manganese
Mercury
Selenium
Zinc
Nitric Acid Mist
215
331
104
24
723
540
43
O
96
178
214
260
13
41
46
541
81
12
16
43
169
158
  
ACTUAL (tons/year)
273
1,364
229
375
3,732
2,383
1,051
0
62
226
1,997
800
52
1,752
35
205
58
SOURCE: New York Department of Environmental Conservation
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3. DATA ON SEWAGE SLUDGE
Sewage sludge from industrial and municipal wastewater treatment plants
is frequently contaminated with PCB. The problem of soil and crop contamina-
tion from disposal of this material was investigated by Agriculture Canada in
1972 and 1973. Sewage sludge samples were collected from Southern Ontario and
analyzed for PCBs. Much of the sludge went to farmland as manure whilst the
rest went to landfill. Samples of soil from some of the treated farmland were
analyzed as were some of the crops. Table 3.1 shows the levels of PCB in the
sludges, Table 3.2 levels of PCB in soils treated with sludge and Table 3.3
levels of PCB in crops from treated fields.
The ultimate fate of PCB disposed of in this way is uncertain. Presumably
there will be some adsorption into soil particles and some will be leached
into drainage water. Degradation by the soil microflora probably occurs in
the soil. Volatilization, transportation, reprecipitation and photodegradation
are other factors affecting the concentration of PCBs in the treated soils. A
quantitative assessment of these phenomena in the field has not been attempted.
29
 TABLE 3.1
CONCENTRATION OF PCB IN ONTARIO SEWAGE SLUDGE IN
ppm DRY MATTER, 1972 AND 1973
LAKE ONTARIO WATERSHED PCB (ppm) TYPE
Georgetown 5.37 1254
Richmond Hill 1.86 1254
Peterborough 6.79 1254
Welland 4.52 1254
Toronto (Humber) 49.45 1254
Stanford Niagara 1.76 1254
Port Weller 10.0 1254
Port Dalhousie 10.3 1254
Burlington (Drury) 9.2 1254
Burlington (Skyway) 21.0 1260
Hamilton 32.5 1254
Oakville (S.E.) 4.6 1254
Oakville (S.W.) 31.4 1254
Lakeview 12.2 1254
Clarkson 31.7 1260
North Toronto 1.55 1254
Whitby 11.6 1254
Ajax 1.76 1254
Pickering . 2.92 1254
Bowmanville
11.1
1254
Oshawa 2.50 1254
    
SOURCE:
Polychlorinated Biphenyls in the Ontario Environment,
MOE report, July 1976.
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 TABLE 3. 2
CONCENTRATION OF PCB IN ppb IN SOILS TREATED WITH SEWAGE
SLUDGE FROM SOUTHERN ONTARIO. 1972
NUMBER OF
:;0CATION SOURCE OF SLUDGE APPLICATION PCB TYPE
Norval Georgetown 1 10 1254
Norval Georgetown 1 7 1254
Georgetown Georgetown 1 37 1254
Stratford Stratford Several 715 1254
Whitby Whitby 1 N.D. —
Ajax Ajax 1 43 1260
Pickering Pickering 6 150 1254
Bowmanville Bowmanville 1 46 1254
Oshawa Oshawa 1 N.D. -
Vineland Port Dalhousie 1 N.D. —
Toronto Int. Airport Stratford 1 120 1254
Halton City Burlington 2 150 1260
Richmond Hill Richmond Hill several x/yr/S yr N.D. —
Aurora Aurora 2—3 8 1254
      
SOURCE: Polychlorinated Biphenyls in the Ontario Environment, MOE Report,
July 1976.
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TABLE 3.3
CONCENTRATION OF PCB IN CROPS FROM FIELDS TREATED WITH
SEWAGE SLUDGE IN ppb
—=
LOCATION SOURCE CROP PCB TYPE
Norval Georgetown Corn N.D. —
Norval untreated Corn N.D. —
Norval Georgetown Tomatoes N.D. — !
Norval unknown Corn N.D. — E
Norval Georgetown Mixed grain 28 1254
Georgetown Georgetown Apples N.D. —
     
N.D. - None detected.
(From CDA unpublished survey)
  
SOURCE: Polychlorinated Biphenyls in the Ontario Environment, MOE
Report, July 1976.
w
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4. RUNOFFS
The leachate from seven landfill sites in Ontario was sampled in July,
1975 and analyzed by the Ministry of the Environment, Ontario. The results
are shown in Table 4.1. The small amount of PCB in groundwater from a land-
fill site indicates that landfill leachate is probably not a major source of
PCB into the Great Lakes environment. However these data are not extensive
and are only concerned with concentrations rather than quantities.
 
TABLE 4.1
CONCENTRATION OF PCB IN LEACHATE
FROM SEVERAL ONTARIO LANDFILL SITES. 1975
Location PCB in ppb
Violet Not detected
Beare Road 0.04
Preston 0.02
Mississauga 1.2
Brantford 0.24
   
Source: PCB in the Ontario Environment, MOE Report,
July 1976.

  
5. SEDIMENTS
The results of six sediment samples for organochlorine pesticides and
polychlorinated biphenylscollected by Environment Canada in the Cobourg
Harbour are shown in Table 5.1.
Data collected as part of the International Field Year for the Great
Lakes (IFYGL) included levels of chlorinated hydrocarbons in Lake Ontario
sediments. Table 5.2 shows concentrations of t—DDT, dieldrin, and PCBs.
Average sediment t—DDT, dieldrin, and PCB concentrations were 22, 1.2 and 120
ng/g, respectively. Sediment off the mouth of the Welland Canal showed
higher levels of all three contaminants while sediments off the mouth of the
Niagara River contained higher levels of PCBs and dieldrin. Sediments off
Oswego and at an eastern mid—lake site showed higher levels of PCBs and
dieldrin, respectively. High concentrations of PCBs in waters and sediments
off the mouth of the Niagara River and Oswego indicate the importance of the
Niagara and Oswego Rivers as inputs of PCBs associated with settleable particu-
lates. In most cases, t-DDT concentrations were similar to concentrations of
the DDT metabolite, DDE, except in sediments where DDT and DDD contributed
much larger fractions. Table 5.3 shows levels of arsenic and selenium in
sediments from Lake Ontario. Data for Z DDT, PCBs, mirex, chlordane, dieldrin,
endosulfan, polycyclic aromatic hydrocarbons and metals are contained in
Tables 5.4 to 5.9.
Levels of PCB in sediments show distribution patterns corresponding to
density of municipal and industrial development. A 1972 survey of PCB in
sediments in Hamilton Harbour by the Ministry of the Environment showed levels
of 1,300 ppb in the canal region, 2000 to 3000 ppb in the region of the indus—
trial waterfront and 10,000 ppb near the sewage treatmentplant. The Ontario
Ministry of the Environment is presently analyzing for copper, lead, zinc, and
PCBs in Toronto Harbour sediments. The following substances are being monitored
in the Twelve Mile Creek: copper, zinc, cadmium, lead, chromium, mercury, PCB
and DDT. Data will be available February 1977.
Sediment samples were collected at 11 sampling locations on Lakes Ontario,
Erie and St. Clair during the fall of 1975 and analyzed for chlorinated hydro-
carbon residues. Of all sediment samples analyzed, SOZ contained PCB and 90%
DDT residues. Mean PCB residues in the sandy sediments ranged from non—
detectable to 57 ng/g (ppb) levels, whereas residues in the more organic
sediments ranged from non—detectable to 569 ng/g. Mean total DDT residues
ranged from 2 ng/g - 15 ng/g in the sandy sediments and 7 ng/g -88 ng/g in the
more organic sediments. Detailed data are shown in Table 5.10.
Bulk sediment analyses and elutriate tests were carried out by U.S. EPA
Region V in Oswego Harbor, New York on April 22, 1976. Results on mercury,
lead, zinc, nickel, arsenic, cadmium, chromium, copper and iron are shown in
Tables 5.11 and 5.12 respectively. Figure 5.1 shows the sampling locations.
A similar study of sediments in Rochester Harbor was also carried out.
Results of bulk sediment analyses and elutriate tests are shown in Tables 5.13
and 5.14 respectively. Figure 5.2 shows the sampling locations.
35
 TABLE 5.1
ANALYSIS OF SEDIMENT
(In Micrograms per gram)
     
 
  
REFE
RENC
E
Cobo
urg
l
Cobo
urg
2
Cobo
urg
3
Cobo
urg
4
Cobo
urg
5
Cobo
urg
LABOR
ATORY
NUMBE
R
13733
13734
13735
13736
13737
13738
LIND
ANE
N.D
N.D
N.D
N.D.
N.D
N.D.
HEPTA
CHIDR
N.D
N.D
N.D
N.D.
N.D
N.D.
ALDR
IN
N.D
N.D
N.D
N.D
N.D
N.D.
HEPT
ACHL
OR E
POXI
DE
N.D
N.D
N.D
N.D
N.D
N .D
p,p'-
DDE
N.D
N.D
N.D
N.D.
N.D
N.D.
DIELDRIN N.D 0.001 0.001 0.001 0.001 0.002
p,p'—DDD 0.001 0.001 0.002 N.D. 0.002 0.002
p,p'—DDT N.D N.D N.D N.D 0.001 0.001
p,p'—DDT N.D N.D N.D. N.D N.D N.D
ENDRIN N.D. N.D N.D. N.D N.D N.D
CIS-CHLORDANE N.D N.D N.D N.D N.D N.D.
TRAN—CHLORDANE YN.D N.D N.D N.D. N.D N.D.
a ENDOSULFAN N.D. N.D N.D. N.D N.D 0.001
B ENDOSULFAN N.D. N.D N.D N.D N.D N.D
p,p'-METHOXYCHLOR N.D N.D N.D. N.D N.D N.D
TOTAL PCB 0.3 0.5 0.1 0.2 0.2 0.1
SOURCE: Canada Centre for Inland Waters
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 TABLE 5. 2
CHLORINAT
ED HYDROC
ARBONS I
N LAKE ON
TARIO SE
DIMENT
(mg/g dry
sediment)
a
IFYGL
STATION
LOCATION
IDENTIFIE
R DDE
DDD
DDT
TOTAL DDT
DIELDRIN
PCB
3
7
Welland C
anal
12
12
15 1
2
39
2.6
245
Niagara R
iver
13
11
3.5 0
.7
15
1.4
155
Olcott
30
4.8
5.6
1.2
12
0.9
80
Cobourg
36
8.0
0.9 0
.9
10
0.6
43
Mid-lake
46
11
5.4
2.8
19
0.5
79
Rochester
60
8.0
1.5 0
.2
10
0.9
84
Oswego
91
9.0
5.1 3
.8
18
0.8
158
Mid—lake
East
93
16
31
7.4
54
2.1
N.D.
        
a
.
.
.
N.D. 1nd1cates no determlnation was made.
SOURCE: EPA—660/
3—75—022 "Chlorin
ated Hydrocarbons
in the Lake Ontar
io Ecosystem (IF
YGL)",
June
1975.
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TABLE 5.4
ABUNDANCES 0F POLYCYCLIC AROMATICS IN LAKE ONTARIO
SEDIMENT,* STATION NO. 1**
AROMATIC 0—5 cm 10-15 cm 20-25 cm 30—35 cm 55—60 cm 70—75 cm
Biphe
nyl
0.017
0.040
0.024
0.005
0.004
0.004
Anth
race
ne
0.02
6
0.01
2
—
-
-
—
Pena
nthr
ene
0.04
0
0.03
0
—
-
—
-
2—Me
thy1
Anth
race
ne
—
0.02
5
—
—
-
—
9-Me
thy1
Anth
race
ne
-
0.03
9
-
-
—
—
Tetr
ahyd
ropy
rene
0.20
0
0.06
4
—
-
-
—
Fluor
anthe
ne
1.000
0.255
-
—
~
—
9,10
-Dim
ethy
l An
thra
cene
0.06
7
0.03
2
-
-
-
-
Pyren
e
1.133
0.350
—
—
—
—
Benzofluorenes 0.133 0.064 - - — -
1,2-Benzanthracene
Chrysene 1.067 0.637 0.024 0.039 0.056 —
Triphenylene
Methyl Chrysene 0.467 0.096 - — — -
Dimethyl Chrysene 0.400 0.096 - - - -
2,3-Benzofluoranthene 0.533 0.127 - - - —
Methyl Benzofluoranthene 0.333 0.064 - - - -
Benzpyrenes 0.533 0.191 — — — —
Perylene 0.200 0.255 0.453 0.392 0.111 0.090
Methyl Benzpyrene 0.200 0.127 — - - -
Methyl Perylene 0.067 0.064 - - - -
20—Methy1 Cholanthrene 1.067 0.127 - - - —
Benzperylene 0.267 0.191 0.098 0.039 - -
Coronene 1.333 0.956 0.488 0.196 — -
Total Aromatics 9.083 3.840 1.087 0.671 0.171 0.094
 
*Concentrations in ug/g of dry sediment.
** (Lat. 43° 19' 12", Long. 79° 42' 00")
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TABLE 5.5 .
ABUNDANCES OF POLYCYCLIC AROMATICS IN LAKE ONTARIO
SEDIMENT,* STATION N0. 12**
AROMATIC 0-5 cm 10-15 cm 20—25 cm 30-35 cm 55—60 cm 70—75 cm
Biphenyl 0.023 0.015 0.019 0.043' 0.009 0.008
Anthracene 0.105 0.038 0.020 - - -
Penanthrene 0.077 0.023 0.008 — - -
2—Methy1 Anthracene 0.105 — — — - -
9-Methyl Anthracene 0.168 — — - — -
Tetrahydropyrene 0.273 0.061 0.038 0.035 - -
Fluoranthene 0.909 0.123 0.038 0.035 - -
Pyrene 1.182 0.061 0.075 0.035 — -
Benzofluorenes
0.273
0.061
0.038
0.069
—
-
1,2—Benzanthracene
Chrysene 1.455 0.184 0.075 0.104 0.179 0.065
Triphenylene
Dimethyl Chrysene
0.273
0.245
0.038
0.035
0.036
0.098
2,3—Benzofluoranthene
1.273
0.061
0.075
0.035
0.143
0.065
Methyl Benzofluoranthene 0.182 — - — — — h
Benzpyrenes
0.818
0.061
0.075
0.104
0.536
0.033
Perylene
0.909
0.552
0.262
0.415
0.893
0.554
Methyl Benzpyrene 0.273 0.184 0.112 - — —
Methyl Perylene 0.364 0.061 - — — -
20—Methyl Cholanthrene
0.727
0.123
0.375
0.138
0.208
—
Benzperylene
1.818
0.123
0.225
0.069
-
-
Coronene
2.727
0.614
0.375
-
-
-
Total Aromatics
13.94
2.590
1.848
1.117
2.004
0.823
  
*Concentrations in ug/g of dry sediment.
**(Lat. 43° 25' 54", Long. 79° 24' 00")
SOURCE: Canada Centre for Inland Waters, 1973
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TABLE 5.6
ABUNDANCES OF POLYCYCLIC AROMATICS IN LAKE ONTARIO
SEDIMENT,* STATION NO. 48**
      
AROMATIC 0-5 cm 10—15 cm 20—25 cm 30—35 cm 55—60 cm 70-75 cm
Biphenyl 0.014 0.007 0.009 0.004 0.004 0.004
Tetra
hydro
pyren
e
0.056
0.029
—
—
—
—
Fluoranthene 0.281 0.058 - — — -
Pyrene 0.056 0.029 - - - —
1,2-Benzanthracene
Chrysene 0.225 0.088 0.052 - — —
Triphenylene
Dimethyl Chrysene 0.112 — — - — 0.018
2,3—Benzofluoranthene 0.450 0.029 0.017 0.017 0.020 0.009
Methyl Benzofluoranthene 0.056 — — — - —
Benzpyrenes 0.337 — 0.017 0.034 0.010 0.009
Perylene 0.056 0.029 0.017 0.034 0.30 0.046
Methyl Benzpyrene 0.056 - - - — -
Methyl Perylene 0.112 — — — 0.010 0.027
20-Methy1 Cholanthrene 0.337 — — - — 0.018
Benzperylene 0.225 — — - — —
Coro
nene
0.56
2
-
—
—
_
_
Total Aromatics 2.935 0.269 0.112 0.089 0.084 0.131
 
*Concentrations in ug/g of dry sediment.
**(Lat. 43° 39', Long. 78° 12')
SOURCE:
Canada Centre for Inland Waters, 1973
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 TABLE 5.7
ABUNDANCES OF POLYCYCLIC AROMATICS IN LAKE ONTARIO
SEDIMENT,* STATION NO. 76**
   
 
  
AROMA
TIC
0—5 c
m
10—15
cm
20—25
cm
30-35
cm
55-60
cm
70—75
cm
Biphenyl — - - — 0.018 0.004
Chrysene - 0.350 — - - -
Dimethyl Chrysene 0.484 0.300 0.122 0.124 - —
2,3-Benzof1uoranthene 1.774 0.100 0.081 0.062 - -
Benzpyrenes 0.161 0.050 0.041 0.062 - —
Perylene 0.161 0.150 0.122 0.683 0.141 0.177
Methyl Perylene - 0.150 - - - —
20—Methy1 Cholanthrene i - 0.150 - — ~ -
Total Aromatics 2.580 1.250 0.366 0.931 0.159 0.181
  
*Concentrations in ug/g of dry sediment.
**(Lat. 43° 30' 18", Long. 77°)
SOURCE: Canada Centre for Inland Waters, 1973
42
 
  
ABUNDANCES OF POLYCYCLIC AROMATICS IN LAKE ONTARIO
SEDIMENT,* STATION N0. 93**
TABLE 5.8
       
AROMATIC 0-5 cm 10—15 cm 20—25 cm 30-35 cm 55-60 cm 70—75 cm
Biph
enyl
-
—
0.00
8
0.00
4
—
-
Tetr
ahyd
ropy
rene
0.10
8
-
-
—
—
—
Fluoranthene 0.270 0.030 0.033 0.013 - -
9,10
—Dim
ethy
l An
thra
cene
0.05
4
-
-
-
—
-
Pyren
e
0.216
0.030
0.033
0.013
—
—
1,2-Benzanthracene
Chrysene 0.324 0.089 0.033 0.013 0.023 0.040
Triphenylene
Dimethyl Chrysene 0.054 0.030 0.033 0.025 - -
2,3—Benzofluoranthene 0.108 0.030 0.033 0.050 0.081 0.069
Benzpyrenes 0.108 0.030 0.033 0.038 0.046 0.040
Perylene 0.433 0.799 0.492 0.375 0.322 0.485
20—Methy1 Cholanthrene 0.649 - 0.066 0.050 0.046 -
Benzperylene 0.108 0.059 0.033 ~ - -
Total Aromatics 2.432 1.087 0.797 0.581 0.518 0.634
 
SOURCE:
*Concentrations in ug/g of dry sediment.
**(Lat. 44° 00' 42", Long. 76° 30')
Canada Centre for Inland Waters, 1973
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 TABLE 5.9
LA
KE
ON
TA
RI
O
SE
DI
ME
NT
S
IN
19
68
(U
ni
ts
in
ug
/Q
un
le
ss
ot
he
rw
is
e
sp
ec
if
ie
d)
       
Samples Egg det. Found
An
al
ys
ed
in
in
Min
.
Ma
x.
Me
an
S.D
.
No.
No.
2
Val
ue
Val
ue
Val
ue
PPB
Z D
DT
229
0
100
%
.4
217
.7
42.
8
42.
5
PCB
229
20
91.
3
1
280
59.
4
56.
1
Mir
ex
216
154
28.
7
1
40
7.5
8.3
Chl
ord
ane
54
49
9.3
5
40
13.
2
15.
1
Die
ldr
in
229
162
9.3
.5
5.2
1.8
1.2
End
osu
lfa
n
229
208
9.2
1.2
9.4
3.2
2.3
Ars
eni
c
115
0
100
0.2
mg/
l
22.
5 m
g/l
3.3
mg/
R
Cad
miu
m
0.1
mg/
z
20.
6 m
g/2
25
mg/
£
Lea
d
4
mg/
ﬁ
287
mg/
2
106
mg/
1
Mer
cur
y
25
210
0
651
Cop
per
3
mg/
2
131
mg/
l
50
mg/
2
Nic
kel
4
mg/
R
121
mg/
l
52
mg/
l
Iron 0.7 9.6
Chro
mium
0.1
mg/£
133
mg/l
48
mg/l
SOURCE: Canada Centre for Inland Waters
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 TABLE 5.10
MEAN CONCENTRATIONS OF CHLORINATED HYDROCARBONS IN LAKE SEDIMENTS FROM
LAKES ONTARIO, ERIE AND ST. CLAIR — 1975 (NG/G DRY SEDIMENT)
 
NUMBER OF
THIODAN THIODAN
LOCATION
ANALYSES PCB ZDDT DIELDRIN CHLORDANE CHLORDANE I
II
4
5
  
GLENORA
Sand
4
ND
6
ND
ND
ND
ND
ND
Other
2
490
18
ND
1
ND
ND
ND
PRESQUILE
Sand
6
ND
3
ND
ND
ND
ND
ND
Other
0
DARLINGTON
Sand
8
12
2
Other
4
178
10
FRENCHMANS BAY
Sand
2
Other
10
TORONTO HARBOUR
Sand
5
SO
6
ND
1
2
ND
ND
Other
7
569
36
ND
6
7
ND
ND
PORT CREDIT
Sand
Other
NIAGARA ON THE LAKE
Sand
10
42
5
Other
2
70
88
PORT COLBORNE
Sand
Other
PORT
ROWAN
Sand
15
Other
5
ND
22
POINT PELEE
Sand
7
57
15
Other
5
79
29
TREMBLAY CREEK
Sand
11
ND
Other
1
ND
10
ND
ND
ND
ND
E
E
E
ND
E
E
é
é
m
m
E
%
E
E
E
247
52
Trace
9
N
NH
0
25
3
32
7
E
E
E
5
3
%
5
3
%
é
é
ﬁ
é
é
é
E
I
R
g
.
¢
é
i
é
E
E
E
E
6
7
ND
ND
ND
ND
ND
ND
  
 
    
 
 
 
 
 TABLE
5.11
BULK S
EDIMEN
T ANAL
YSIS R
ESULTS
HARBOR
: O
swego,
New Yo
rk
SAMPLED: A
pril 22, 19
76
OSW76-1
O OSW
76—10
OSW76-1
0
PARAMETER
OSH76—3
OSW76—4 OS
W76—S 0SW
76-6 OSW
76~7 OSW7
6—8 OSW76
—9 OSW76—
10 split
replicate
replicate
OSW76-11
spl
it
Total S
olids Z
56.5
60.4
43.6
49.3
46.8
62.3
57.8
49.0
51.5
55.8
52.5
70.1
Volatil
e Solid
s Z
3.38
2.36
5.02
4.98
6.10
2.92
4.47
4.76
4.58
3.78
4.20
2.48
Chem. Oxyge
n Demand
37,000 2
7,000 72
,000 69,
000 87,
000 48,0
00 40,00
0 52,000
47,000
41,000
37,000
18,000
T. Kjel. Ni
trogen
1,200
520 2,2
00 1,90
0 2,30
0 680
800 8
50 6
70 6
40
540
590
Oil—Gre
ase
700
400
1,500
1,000
1,000
900
800
1,100
1,400
1,300
1,200
--
Mercury
0.1
<0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.1
<0.1
<0.1
Lead
29
25
47
37
37
17
27
57
59
55
50
148
Zinc
110
60
190
140
120
78
120
120
120
130
120
130
4
6
T. Phos
phorus
.
590
560
1,000
840
900
590
660
1,800
1,600
1,400
1,200
590
Ammonia
Nitroge
n
58
71
160
110
120
87
92
87
74
67
70
49
Mangane
se
330
360
580
550
520
380
350
400
400
350
360
300
Nickel
17
9.2
23
20
24
16
20
20
21
17
18
14
Arsenic
7
8
11
9
11
8
10
9
9
7
7
7
Cadmium
1.7
<1
3.4
1.2
2.2
<1
1.2
2.6
2.5
1.8
1.8
<1
Chromi
um
16
10
30
22
23
14
17
21
22
24
23
13
Magnesi
um
4,900
4,400
6,600
6,800
6,800
5,600
5,700
6,400
5,900
5,500
5,600
3,400
Copper
25
17
42
36
44
26
40
37
37
34
34
54
Iron
8,100
7,200
11,000
11,000
12,000
10,000
10,000
9,400
9,600
9,200
9,400
8,200
            
All
valu
es m
g/kg
dry
weig
ht u
nles
s ot
herw
ise
note
d.
 
 
 
4
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TABLE 5.12
ELUTR IATE
TEST RESU
LTS
 
m
HARBOR: Oswego , New York
SAMPLED: April 22, 1976
ELUTRIATE WATER USING SEDIMENTS AT EACH STATION
WATER FROM
EVALUATED PARAMETER DREDGING SITE OSW76-3 OSW76—4 OSW76-5 OSW76-6 OSW76-7 OSW76-8 OSW76-9 OSW76—10
Chem. Oxygen Demand (mg/IL) 18 33 40 36 40 34 47 15 20
Total Organic Carbon " 5.7 10.3 12.5 11.5 12 O 15.3 6.1 6.0
T. Kjel. Nitrogen " 1.20 2.87 4.37 5.51 4 6 8 6.67 6.68 3.17
Ammonia Nitrogen " 0. 32 2. 14 3.40 3.66 3.4 0 5.53 6.02 2.02
T. Phosphorus " 0.022 0.017 0.028 0.025 0 0 22 0.030 0.018 0.030
Cyanide " 7 6 8 7 9 9 7 8
Phenols (ug/IL) 2 59 66 2 8 25 58 20 42
Arsenic " <2 4 4 4 4 3 3 4 6
Barium " — 54 61 52 63 57 87 69 46
Cadmium " <24 <24 <24 <24 <24 <24 <24 <24 <24
Chromium " <14 <14 <14 <14 <14 <14 <14 <14 <14
Copper " <2 <2 <2 <2 <2 <2 <2 <2 <2
Iron " <10 <10 <10 <10 <10 <10 <10 <10 75
Lead " <58 <58 <58 <58 <58 <58 <58 <58 <58
Manganese " <4 838 2,370 1,220 2,240 1,660 1,660 704 727
Mercury " <0.10 0.5 0.2 0.2 0.2 0.5 0.2 0.1 0.1
Zinc " <30 <30 <30 <30 <30 <30 <30 <30 <30
Aluminum " <26 <26 <26 <26 <26 <26 <26 <26 <26
          
 FIGURE 5.1
SAMPLE LOCATIONS AND POLLUTIONAL CLASSIFICATION OF THE OSWEGO HARBOR
 
I“
l
I
I
I
I
I
L
‘
  
   
ONTARIO
z Polluted
D Unpolluted
OSH’76 Sampling Sites
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p ' 1 76 < SEDle SURVEY
n
n '1: OSHEGO HARBOR
E
O
I
9
3
¢
.ATUTE Int-Es I
Y
I
O
I
NE“
L ‘ ‘ ‘ ‘ o u.s. ENVIRONMENTAL "mam-mu mancv
‘ ~ cm? um suxvzxLumc: aunt"
A CHICAGO ILLINOIS
  
SOURCE: U.S. EPA, Region V.
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TABLE 5.13
BULK SEDIMENT ANALYSIS RESULTS
HARBOR:
Rochester, New York
SAMPLED:
April 20, 1976
PARAMETER
ROCH76—1 ROCH76—2 ROCH76—3
ROCH76-4 ROCH76—4
spl
it
ROCH76-4
replicate
ROCH76-4
replicate
split
ROCH76-5
ROCH76—6
ROCH76-7 ROCH76—8 ROCH76-9
ROCH76—10
ROCH
76-A
Total Solids Z
Volatile Solids 2
Chem. Oxy. Demand
T. Kjel. Nitrogen
Oil-Grease
900
Mercury
<0.1
Lead
9
Zinc
67.6
<1.00
26,000
<100
62.4
3.33
31,000
800
600
<0.l
33
200
640
100
T. Phosphorus
Ammonia Nitrogen
Manganese
400
Nickel
22
Arsenic
3
6
Cadmium
6.3
Chromium
6
25
Magnesium
5,200
Copper
30
Iron
18,000
  
57.6
3.54
37,000
980
800
<0
.1
33
160
710
98
410
2
3
8
1
2
0
5,200
28
21,000
 
59
.2
3.
62
37,000
1,100
1,000
<0.1
2
9
120
660
71
460
22
9
3
.
3
1
9
4,400
28
22,000
 
57.9
3.54
41,000
1,100
900
<0.1
2
9
130
670
6
8
460
2
3
12
2
.
9
1
9
4,500
2
8
23,000
57.8
3.13
32,000
1,000
900
<0.l
24
110
660
6
1
440
  
61
.8
3.08
30,000
700
900
<0.1
2
7
120
600
72
440
2
3
1
0
3.5
1
8
5,300
2
8
21,000
 
57
.2
3.
58
38,000
1,200
500
<0.1
39
170
770
9
8
460
2
3
4
6.8
2
8
5,0
00
3
4
23,
000
 
59
.4
3.17
38,000
850
700
<0
.1
35
150
660
95
380
1
9
1
5
4.5
21
4,500
2
8
19,000
 
56.0
3.24
33,000
1,100
900
<0.1
3
3
130
60.9
2.98
29,000
630
500
<0.1
36
130
60
.7
4.50
21,000
280
1,000
<0
.1
33
110
380
4
9
440
22
10
<1
1
9
4,900
2
5
20,000
620
95
580
110
390 400
21
20
16
9
5.8
4.5
24
23
4,700
4,500
28
28
19,000
19,000
   
65.7
2.27
12,000
390
300
<0.1
31
82
35
0
40
290
1
5
7
3.0
14
2,900
1
9
16,000
 
59
.2
3.
21
32,000
800
600
0.1
35
140
670
60
340
2
4
1
0
1.8
1
4
6,100
3
5
17,000
 
All values mg/kg dry weight unless otherwise noted.
  
 TABLE 5.14
ELUTR IATE TEST RESULTS
“
.
7
:
=
=
=
HARBOR: Rochester, New York
n
SAMPLED: April 20, 1976
ELUTRIATE WATER USING SEDIMENTS AT EACH STATION
 
EVALUATED PARAMETER WATER FROM
DREDGING SITE ROCH76-l ROCH76-2 ROCH76—3
ROCH76-4 ROCH76—5 ROCH76-6 ROCH76—7 ROCH76—8 ROCH76-9 ROCH76—1O
3
15
20
12
10
12
13
49
20
5.8
6.5
5.3
4.7
5.0
5.2
18.2
7.4
0
3.83
2.97
3.69
3.55
5.47
6.66
3.48
2.58
3
2.77
1.80
2.43
2.62
4.49
5.56
2.20
1.50
43
0.024
0.030
0.026
0.037
0.028
0.018
0.026
0.024
10
22
11
12
10
8
24
21
Chem. Oxy. Demand (mg/1?.)
11
1
Total Organic Carbon "
3
T. Kjel. Nitrogen " 0.79 0
Ammonia Nitrogen " 0.24 0.
T. Phosphorus
" 0.010 O
Cyanide
" <5 8
5
0
Phenols
(113/2)
19
21
8
13
10
10
15
28
25
950
158
Arsenic
"
<5
5
26
9
13
13
15
13
17
13
Barium
"
37
61
73
84
65
69
76
82
119
77
Cadmium
"
<24
<24
<24
<24
<24
<24
<24
<24
<24
<24
Chromium
"
<14
<14
<14
<14
<14
<14
<14
<14
<14
<14
Copper
"
<2
<2
<2
<2
<2
<2
<2
<2
<2
<2
Iron
"
<10
<10
<10
<10
<10
<10
<10
<10
55
<10
Lead
"
<58
<58
<58
<58
<58
<58
<58
<58
<58
<58
Manganese
"
46
434
1,350
1,620
646
830
1,290
1,240
2,640
1,920
Mercury
"
0.5
0.4
0.2
0.2
0.2
0.1
0.1
0.1
0.3
<0.1
<0.1
Zinc
"
<30
<30
<30
<30
31
<30
<30
31
35
<30
Aluminum
"
<26
<26
<26
<26
<26
<26
<26
<26
<26
<26
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 MIREX
Table 5.15 outlines the data collection efforts for mirex undertaken by
both Canada and New York in Lake Ontario. Figure 5.3 shows the distribution
of mirex concentrations in Lake Ontario sediments.
Sediment analyses in the Oswego River have confirmed that basin as a
probable source of past Mirex contamination to Lake Ontario (concentrations up
to 440 ppb). Investigations are currently being undertaken as to the probable
source(s). Samples of sediment for the Genesee and Black Rivers are currently
being analyzed for Mirex.
  
 5
3
TABLE
5.15
AVAILABLE
DATA
ON
MIREX
FOR
LAKE
ONTARIO
SEDIMENTS
TYPE
SAMPLE
AND
LOCATION
DATE
COLLECTED BY
LABORATORY
PURPOSE
RESULTS
 
Centrifuged
susp.
sediment:
mouth
of
Oswego
River,
mouth
of Niagara
River
Dredge
samples
of
lake
bottom
taken
on
a
10 km
grid
over
entire
lake
Dredge
samples
of
open
lake
bottom
taken
off
Oswego
&
Niagara
River
Dredge
samples
taken
from
Oswego
River
Core
samples
from open
lake
off
Oswego
and
Niagara
 
Aug.
15
1968
Aug.
15/76
Sept. 22
Aug.
15
 
CCIW
and
DEC
CCIW
CCIW
and
DEC
DEC;
SUNY
at
Oswego
DEC;
CCIW
 
Health
Canada Ministry of
Agriculture,
Guelph,
Ont.
Can.
Ministry of
Agriculture,
Guelph;
NYS DOH
Health
Health
 
Determine
if
sources
to
lake
are
active.
Determine
distribution
of
materials
in
the
lake
bottom.
Determine
current
level
of
Mirex in lake sediments.
Pinpoint
source
of Mirex
in Oswego River.
Determine
historic
patterns
of
Mirex
pol.
 
Oswego River: LTD; Niagara
River:
awaiting final results.
Point sources of Mirex to
Lake Ontario existed in the
Niagara
&
Oswego
River
—
aver.
Awaiting
final
results.
Lab.
reports problems with PCB
interference.
Awaiting
lab
results.
Awaiting
lab
results.
SOURCE: New
York
Department
of
Environmental
Conservation.
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6. DATA ON WATER QUALITY
New York State Department of Environmental Conservation (NYSDEC) operates
a statewide network of 123 water monitoring stations. Forty eight (48) of
these stations are located in the Great Lakes drainage basin of New York
State. Except for 5 stations on the Niagara River, all stations are on tribu—
taries to the Great Lakes. Analyses for arsenic, copper, lead and mercury are
conducted at some stations. No analyses are conducted on a routine basis for
organic toxic substances. In September of 1976, the water supplies of 25
communities along Lake Erie — Niagara River — Lake Ontario — St. Lawrence
River were sampled and analyzed for Mirex. All results were below the detection
limits of 0.02 ppb.
Under the Ontario Ministry of the Environment's Routine River Water
Quality Monitoring Program, the following parameters are currently being
analysed at all downstream stations designated as "IJC significant tributaries"
to the Great Lakes:
Aldrin/Dieldrin Mercury
Chlordane Zinc
DDT and Metabolites Copper
Endrin Iron
Heptachlor Nickel
Lindane Cyanide
PCB Ammonia
Arsenic
Cadmium
Chromium
Lead
In addition, a number of metals as well as arsenic and cyanide are analysed at
select inland stations where a defined problem exists with the potential for
causing elevated levels of specific parameters. The past years data will be
available in early 1977.
Samples taken from a stream below the Hamilton Township dump site revealed
no Polychlorinated Biphenyls. Materials from Borg—Warner of Canada Limited,
which has used PBB in one of its minor manufacturing processes, are disposed
on this site.
The most recent data on trace metal concentrations in Lake Ontario
collected by Environment Canada are summarized in Table 6.1. The cadmium,
lead, mercury, zinc, copper and iron data are from a single cruise on the lake
in September of 1975 on which a total of 14 stations were sampled. The nickel
and chromium data were taken during a cruise in 1975 on which 45 stations were
sampled. The arsenic and selenium data (Table 6.2) were collected as part of
a survey of arsenic and selenium concentration levels in lakes, rivers and
streams in the Ontario region. The trace organic contaminant analyses shown
in Table 6.1 were done in 1975 on water samples from 11 stations in the lake.
IFYGL data show that Lake Ontario water contained "total" concentrations
(dissolved + particulate) of 28 ng/l, 4.8 ng/l, and 55 ng/l for t—DDT, diel—
drin, and PCBs (Table 6.3). Water collected off Oswego contained comparatively
high levels of DDT group pesticides, dieldrin, and PCBs, while waters off
Hamilton contained higher t-DDT levels, and waters off the mouth of the Niagara
River showed higher PCB concentrations.
55
 
  
TABL
E 6.
1
CONC
ENTR
ATIO
N OF
TOXI
C SU
BSTA
NCES
IN L
AKE
ONTA
RIO
WATE
R
"
Minimum Ma
ximum Mean
No.
of
Z of
Sampl
es G
reate
r
Value
Value
Value
Samples th
an Detection Limi
t (Hg/Q
) (Hg/2)
(Hg/i)
Aldrin
/Dield
rin
11
Chlor
dane
ll
DDT &
Metabo
lites
' 1
1
Endrin
11
Hepta
chlor
11
<.005
<.005
<.005
<.
01
<.005
<.005
J
r
Hepta
chlor
Epoxi
de
11
Lindan
e
11
Methoxych
lor
11
<0.05
PCBs
11
< .l
Arseni
c
30
100
0.2
1.0
0.8
Cadmium
14
7
0.2
Lead
14
50
1.0
2.0
1.1
Mercur
y
14
28
.05
.07
.06
Selenium
14
35
0.1
0.4
0.2
Zinc
14
100
2.0
40
7.8
Copper
'
14
100
1.0
2.0
1.5
Nickel
111
71
< 0.1
4.0
0.8
Iron
14
100
1.5
200
19.1
Chromi
um
111
70
< .1
1.8
0.5
5
6
< .00
5
0.008
O
O
O
O
O
O
O
‘
O
O
        
SOURCE:
Canada Ce
ntre for
Inland Wa
ters
 TABLE 6.2
LEVELS OF ARSENIC AND SELENIUM IN WATER FROM LAKE ONTARIO
 
NUMBER A R S E N I C (pg/2) S E L E N I U M (pg/R)
STATION
OF
NUMBER LATITUDE LONGITUDE SAMPLES MAXIMUM MINIMUM AVERAGE* MAXIMUM MINIMUM AVERAGE*
 
<0.1
<0
.1
<0
.1
<
0
.
1
<0
.1
<0
.1
<0
.1
0.10 <0.1 <0.1
0.30
0.10
0.10
0.10
0.10
0.
10
<0
.1
<0
.1
0.50
0.10
<0
.1
<0
.1
0.10
<
0
.
1
<0.1
43°34'24" 79°24'00"
43°17'18" 79°24'00"
43°17'36" 79°24'30"
43°21'36" 78°43'48"
43°34'54" 78°47'18"
1 43°42'24" 79°13'06"
1
43°49'48" 78°51'00"
15
43°57'00" 78°03'00"
19
43°35'24" 78°00'42"
20
43°39'30" 78°48'00"
22
43°23'00" 88°59'24"
25
43°39'06" 78°30'00"
26
43°21'30" 76°57'18"
29
43°34'06" 76°59'42"
30
43°45'42" 78°17'00"
32 43°48'00" 77°02'24"
35
43°26'24" 77°54'00"
40
43°39'06"
77°36'00"
45
43°39'00" 77°18'00"
50
43°39'00" 77°00'00"
55
43°30'24" 76°42'00"
60
43°43'42" 76°24'00"
65 44°00'18" 76°48'00"
N
m
L
ﬁ
O
O
‘
O
N
1.20
0.80
5
7
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
H
Q
D
K
O
N
N
N
O
O
‘
C
D
N
C
D
O
N
O
W
C
D
O
O
N
C
D
O
O
N
O
\
O
\
O
\
H
H
O
O
H
O
v
—
I
H
O
O
O
O
O
O
O
O
H
O
O
O
O
O
O
v
—
l
v
—
I
r
—
i
r
—
l
r
—
l
r
—
I
H
N
r
—
l
r
—
I
H
H
H
H
H
H
H
H
H
r
—
i
r
—
I
I
—
l
v
—
I
   
      
*Average value or result of one analysis if only one sample collected.
   
SOURCE: IWD, Environment Canada Scientific Series #58, "Level of Arsenic and Selenium in the
Great Lakes Region".
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TABL
E 6
.3
CHLORINATED HY
DROCARBONS IN
LAKE ONTARIO W
ATER
(ng
/l)
LOCATION
h
IFYGL
STATION
STATION DEPTH
IDENTIFIER m DDE DDD DDT TOTAL DDT DIELDRIN PCB
 
Hamilton
Toronto
Niagar
a Rive
r
Olc
ott
Cob
our
g
Ro
ch
es
te
r
Deep
Hole
Osw
ego
 
1 33 37.4 2.5 4.5 44 3.1 49
8 76 20.5 1.6 1.4 24 3.5 35
13 13 13.9 0.9 2.4 17 2.1 97
3o 24 26.6 7.1 4.6 38 3.9 44
36 24 45.2 4.5 7.2 57 9.9 45
60 25 29.9 <0.5 2.3 32 2.2 40
75 229 I 9.4 <0.5 6.5 16 1.3 56
9o 21 22.4 13.8 12.8 49 12.6 77
       
SOURCE: EPAr660/3-75-022 "Chlorinated Hydrocarbons in the Lake Ontario Ecosystem (IFYGL)", June 1975.
 
  
7. DATA ON BENTHOS AND PLANKTON
In New York, collections for macroinvertebrates are being made through
the Division of Pure Waters Biological Monitoring Program in cooperation with
the Department of Health's Environmental Health Center. Multi-plate sampling
is currently being conducted in the Niagara and Buffalo Rivers. Earlier
samples taken from the Genesee River will be analyzed. Additional sampling in
the Oswego and St. Lawrence River systems may beconducted as a mechanism for
tracking down potential sources of mirex.
IFYGL data show levels of chlorinated hydrocarbons in Lake Ontario net
plankton, cladophora and benthic fauna (see Tables 7.1, 7.2 and 7.3 respec—
tively).
In 1975, samples of net plankton (64 u mesh, mixed zooplankton and phyto—
plankton) were collected at 11 stations (Figure 7.1) for pesticide and PCB
residue analysis (Table 7.4). Residues of DDT, dieldrin and PCBs were found
in the net plankton at all stations. Highest concentrations of PCBs were
found in the Niagara plume, offshore from Oswego and in Hamilton Harbour.
S9
 
 TABLE 7.1
CHLORINATED HYDROCARBONS IN LAKE ONTARIO NET PLANKTON
(118/8 dry weight)a
L
=
W
IFYGL
STATION
LOCATION
IDENTIFIER
DDE
DDD
DDT
TOTAL DDT
DIELDRIN PCB
Hamilton
1
4.00
0.09
0.04
4.1
0.24
3.4
Mid—lake West
10
3.52
0.37
0.12
4.0
0.25
10.6
Cobourg
36
3.26
<0.05
<0.05
3.3
<0.05
7.6
Mid-lake
45
1.49
0.07 0.78
2.3
0.16
3.6
Rochester
60
1.19 <0.05 <0.05
1.2
0.02
N.D.
Deep Hole
75
5.89
0.04 <0.05
5.9
0.02
11.8
Mid-lake East
96
2.45
0.09
0.86
3.4
0.18
6.0
6
0
       
aN.D. indicates that no determination was made.
  
SOURCE: EPA—660/3-75-022 "Chlorinated Hydrocarbon in the Lake Ontario Ecosystem (IFYGL)", June 1975.
 
  
TABLE 7.4
CONCENTRATIONS (119/9 DRY WEIGHT) 0F CHLORINATED HYDROCARBONS
IN LAKE ONTARIO NET PLANKTON (64 u MESH) 1975
     
Z SAMPLE MINIMUM MAXIMUM MEAN
NO. OF
EXCEEDING
VALUE
VALUE
VALUE
SAMPLES
DETECTION LIMIT
[pg/g wet weight]
Aldrin/Dieldrin
11
91
.010
.41
.136
Chlordane
11
18
.031
.72
.37
DDT & Metabolites
ll
91
.094
1.26
.376
Endrin
11
0
less than .01, detection limit
Heptachlor
11
0
less than .001, detection limit
Heptachlor Epoxide
11
27
.008
.094
.038
Lindane
11
27
.006
.021
.012
Methoxychlor
11
0
less than
.05,
detection limit
PCBs
11
91
.4
6.3
1.88
SOURCE: Canada Centre for Inland Waters
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 FIGURE:
7.1
LOCATIONS 0F PESTICIDES SAMPLING POINTS FOR LAKE WATER AND BIOTA, OCTOBER 22—23, 1975
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8. DATA ON FISH
In 1976, the NYDEC initiated a Toxic Substance Monitoring Program consist—
ing of 104 stations statewide. Forty—two (42) stations are located in the
Great Lakes Basin of New York State with 11 stations in the Lake Erie - Niagara
River — Lake Ontario —
St. Lawrence River boundary waters.
Primary emphasis
in the programs is the analysis of fish and wildlife tissue which will reflect
the bio—magnification through
the food chain of persistent substances.
Tissue
data will
be
utilized
to
assay
levels
of
contaminants
and
serve
as
a basis
to
tract
point
source
discharges,
implement
abatement
programs,
assess
the
po-
tential
for
human
health
hazard
and
guide
fish
and wildlife
management
strate—
gies.
In View
of
the recent
identification
of Mirex contamination
of Lake
Ontario,
program emphasis has been on the Great Lakes and
its tributaries.
Tables 8.1
through
8.6
provide
fish
data
for
Mirex
(1976),
PCB's
(1970—1976),
DDT
(1975-1976)
and
Mercury
(1970—1973).
Samples
of
fish
for
the
Genesee
and
Black
Rivers
are
currently
being
analysed
for
Mirex.
On
a
statewide
basis,
only DDT
has
shown
a
trend
of decreasing
concentration
in fish
tissue
over
time while
concentrations
of mercury
have
remained
constant.
The paucity
of
temporal
data
for
Mirex
and
PCB
precludes
any
trend
assessment
at
this
time.
The
Ontario
Ministry
of
the
Environment
pesticide
laboratory
has
analysed
approximately
1,000
fish
from various
locations
in
the
Great
Lakes
but
only
fish
from
Lake
Ontario
were
found
to
contain
measurable
Mirex
residues.
Monitoring
and
study
of
the
contaminant
is
being
continued
by
the
Ontario
Ministries
of
Health,
Natural
Resources
and
the
Environment.
Table
8.7
presents
the
results.
Analysis
of
Lake
Ontario
Coho
Salmon
in
1975
by
Ontario
has
shown
a
range
of
PCB
concentrations
in
fish
tissue
from
1.4
to
15
ppm.
NO
FEE was detected.
The
Fish
and
Marine
Service
of
Environment
Canada
has
provided
recent
data
on
residues
of
Mirex,
PCB
and
DDT
in
various
species
of
fish
from
Lake
Ontario
(Table
8.8).
Additionally,
recent
information
on
mercury
residues
in
certain
species
is
also
summarized
(Table
8.9).
The
attached
data
on
mercury
(Table
8.9)
do
not
represent
all
FMS
data
on
mercury
residues
in
Lake
Ontario
fish.
Rather,
they
present
information
on
those
species
of
fish
for
which
the
most
recent
testing
has
revealed
mercury
levels
in
excess
of
0.5
ppm.
The
majority
of
the
species
in
the
commercial
fishery
show
levels
of
mercury
well
below
the
health
protection
standard.
The
analysis
of
samples
for
levels
of
PCB
has
not
yet
been
completed.
Because
of
the
scattered
nature
of
analytical
results,
currently
available
data
are
sum-
marized
on
a
lakewide
basis
rather
than
by
statistical
district.
At
a
later
date,
it
should
be
possible
to
present
data
by
statistical
district.‘
It
is
anticipated
that
a
more
detailed
report
on
residues
in
fish
in
the
Great
Lakes
compiled
by
research
and
fish
inspection
components
of
FMS
will
be
m
a
d
e
a
v
a
i
l
a
b
l
e
to
t
h
e
I
J
C
in
e
a
r
l
y
1
9
7
7
.
 
 TABLE 8.1
SUMMARY OF DEC MIREX DATA FOR LAKE ONTARIO AND TRIBUTARIES
(As of November 16, 1976)
TOTAL DDT AND
AVERAGE
PCB
AVERAGE TOTAL
METABOLITE
NUMBER
NUMBER
AVERAGE MIREX
MIREX CONCENTRATION
TOTAL
CONCENTRATION
DDT AND
CONCENTRATION
SPECIES
ANALYZED
ANALYSIS
CONC. (pg/gm)
RANGE (pg/gm)
PCB'S (Hg/gm) RANGE (Hg/gm)
METABOLITES (031g)
RANGE (pg/g)
6
6
American eel
4
4
0.14
N.D. — 0.33
6.17
0.12 — 14.77
10.74
0.01 — 1.86
Bass
Largemouth
7
7
0.01
0.01 — 0.03
1.05
0.09 — 2.92
0.18
0.04 - 0.38
Smallmouth
47
47
0.090
0.01 — 0.31
3.15
0.45
10.93
0.48
0.07 — 1.47
White
14
14
0.07
0.02 - 0.14
2.50
0.83 - 5.17
0.48
0.21 — 0.97
Black crappie
2
2
0.01
0.01
0.70
0.51 — 0.89
0.17
0.12 — 0.22
Brown bullhead
13
13
0.01
N.D. — 0.04
0.89
0.30 — 2.81
0.20
0.06 — 0.49
Muskellunge
2
2
0.08
0.04 — 0.11
2.99
1.93 — 4.05
0.50
0.34 — 0.66
Northern pike
14
14
0.05
0.01 — 0.10
2.04
0.58 — 4.17
0.34
0.11 — 0.81
Perch
Yellow
19
13
0.02
N.D. — 0.03
0.74
0.22 — 1.72
0.13
0.06 — 0.30
White
38
17
0.109
0 0
Salmon
Coho
Chinook
Trout
Brown
3
Lake
Rainbow/Steelhead
Walleye
\
D
O
6
0.12
N.D - 0.23
6.06
1.60 — 10.27
0.93
0.42 - 1.75
6
0 l
37
0.095
0
0.16
0
0.11
O.
0.01
N
1 — 0.22
5.47
1.31 - 15.14
0.93
0.13 - 2.28
3 — 0.42
7.11
1.38 — 18.30
0.91
0.11 — 1.99
1
10.64
10.64
1.47
1.47
. — 0.02
0.63
0.08 — 1.21
0.12
0.01 — 0.21
U
N
I
-
I
Q
B
a
r
-
I
Q
      
 
  
'Includes fish collected in July thru September, 1976.
N.D. = None detected
 
SOURCE: New York Department of Environmental Conservation.
 
 
 TABLE
8.
2
SUMMARY
OF
AVAILABLE
1976
MIREX
DATA
(Edible
Portion
of
Fish)
FOR
ST.
LAWRENCE
RIVER*
(As
of
November
12,
1976)
NUMBER
NUMBER
OF
MEAN
MIREX
MIREX
CONCENTRATION
_
PCB
CONCENTRATION
FISH
SPECIES
ANALYZED
ANALYSIS
CONCENTRATION
(ppm)
RANGE
(ppm)
x
PCB
RANGE
6
7
 
B
a
s
s
Smallmouth
46
46
0.06
<0.01
—
0.27
2.25
0.25
—
16.17
Northern
Pike
4
4
0.06
0.04
—
0.09
2.07
1.18
—
3.93
P
e
r
c
h
Yellow
19
12
0.02
N.D.
—
0.11
1.72
0.46
—
4.26
White
13
13
0.095
N.D.
—
0.19
4.97
0.66
-
11.80
Walleye
4
4
0.05
0.02
3.60
1.41
~
6.52
       
N.D.
=
None
detected
All
analysis
by
N.Y.S.
Department
of
Environmental
Conservation.
Analysis
of
July
thru
September
1976
collections
only.
 
     
 
TABLE 8. 3
MEAN CONCENTRATION OF PCB'S AND NUMBER OF FISH ANALYZED
IN EDIBLE PORTION FOR YEARS 1970 THROUGH 1975 IN LAKE ONTARIO*
(ug/g)
SPECIES 1970** 1971 1974 1975
Coho salmon 6.67 (9) 6.26 (29) 8.41 (19)
Chinook salmon 23.85 (7) 7.15 ( 9) 8.34 (17)
Rainbow trout 1.97 ( 3) 5.75 ( 9)
Brown trout 5.25 (12)
Lake trout 7.69 ( 4) 9.36 (17)
Smallmouth bass
3.88 (2)
1.81 ( 7)
Largemouth bass
8.52 (1)
1.79 ( 5)
Rock bass
1.48 (2)
0.83 (11)
White perch 10.26 (3) 4.17 (27)
Yellow perch 0.38 (25)
Walleye 2.87 ( 8)
Black Crappie 1.16 ( 5)
Pumpkinseed
0.03 (10)
Northern pike
2.96 ( 4)
Brown bullhead
0.57 (10)
American eel 6.28 ( 2)
Rainbow smelt
2.16 (11)
2.10 (10)
White sucker
3.39 ( 5)
White bass 30.78 (3)
Carp (2.13 (1)
* - As of 4/2/76.
** - Data not wholly reliable as results reported in several Aroclors.
 
SOURCE:
New
York
Department
of
Environmental
Conservation.
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 TABLE
8.4
MEAN
CONCENTRATION
AND
NUMBER
OF
FISH
ANALYZED
IN
EDIBLE
PORTION
FROM
LAKE
ONTARIO
AND
ITS
TRIBUTARIES,
1975*
(Mg/g)
STONY
SANDY
OFF
SALMON
SALMON R.
PULASKI
CHAUMONT
SPECIES
ROCHESTER
ISLAND
POND
OSWEGO
RIVER
ESTUARY
WEIR
BAY
Coho
salmon
3.81
(6)
8.19
(1)
11.28
(10)
7.97
(
2)
6.85
(38)
Chinook
salmon
5.69
(3)
23.81
(6)
15.77
(11)
12.04
(37)
4.90
(26)
Rainbow
trout
3.76
(1)
4.57
(1)
3.63
(3)
8.13
(
4)
Brown
trout
5.33
(11)
4.39
(1)
Lake
trout
10.99
(1)
7.59
(9)
4.57
(1)
12.26
( 5)
13.93
( l)
Smallmouth
bass
1.81
(7)
Largemouth
bass
1.79
( 5)
Rock
bass
3.58
(1)
0.55
(10)
White
perch
5.13
(19)
1.91
(
8)
Yellow
perch
0.35
(17)
0.43
(
8)
Walleye
4.30
(2)
2.39
(
6)
Black
crappie
1.68
(3)
1.35
( 8)
Pumpkinseed
0.01
(19)
0.00
( 9)
Northern
pike
2.99
(2)
1.79
(17)
1.15
(11)
Brown
bullhead
0.57
(10)
American
eel
6.28
(2)
Rainbow
smelt
2.10
(10)
White
sucker
3.39
(
5)
6
9
          
*
-
Results
of
all
fish
captured
in
1975
and
analyzed
as
of
4/2/76.
SOURCE:
New
York
Department
of
Environmental
Conservation.
 TABLE 8.5
LAKE ONTARIO - DDT DATA
ROME POLLUTION LABORATORY - 1975 DATA
(edible portion of fish)
 
1 NUMBER NUMBER OF
E
SPECIES
OF FISH
ANALYSIS
MEAN
RANGE
American Eel
2
2
1.05
0.38 - 1.71
Bass
Largemouth
5
l
0.26
0.08 — 0.67
Rock
1
1
0.49
0.49
R
Black Crappie
8
6
0.26
0.04 — 0.40
"
Northern Pike
6
6
0.44
0.34 - 0.60
% Perch
L
White
19
3
1.12
0.62 - 2.45
§
Yellow
11
2
0.11
0.07 - 0.14
l Pumpkinseed 10 2
if Salmon
‘;
Chinook
35
35
1.42
0.38 — 3.55
i
Coho
38
37
0.93
0.32 — 1.93
[:
Rainbow Smelt
10
4
1.29
0.42 — 2.26
White Sucker
5
5
0.58
0.16 — 1.42
Trout
Brown
16
16
1.32
0.14 - 4.08
Lake
13
10
1.30
0.27 - 2.82
Rainbow
6
6
1.15
0.14
—
1.94
Walleye
8
5
0.55
0.07 - 1.16
      
SOURCE:
New
York
Department
of
Environmental
Conservation.
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TABLE 8. 6
SUMMARY OF MERCURY DATA (edible portion of fish)
LAKE ONTARIO
1970 — 1973
SPECIES SAMPLED
Largemouth Bass, Rock Bass, Silver Bass, Smallmouth Bass, Bluegill,
Bowfin, Brown Bullhead, Bullhead, Carp, Channel Catfish, Chinook Salmon,
Coho Salmon, Crappie, Black Crappie, White Crappie, Eel, Goldfish, Perch,
White Perch, Yellow Perch, Northern Pike, Walleyed Pike, Pumpkinseed,
Rainbow Trout, Common Sucker, Redhorse Sucker, White Sucker, Sunfish.
PRINCIPAL CATCHMENT AREAS
 
Brookwood, Cape Vincent, Irondequoit, Lake Ontario, Oak Orchard, Reed's
Bay, Wilson's Bay.
OTHER CATCHMENT AREA
Charity Shoals - Galloop Island, Chaumont Bay, Buck Pond, Grenadier
Island, Hamlin Beach, near Henderson, NY, Point Peninsula, near Niagara
River, near Rochester, NY, Rome, Stony Island.
Total No. Fish
Analyzed Mercury—ppm (Avg.) Mercury—ppm (range)
1970 761 .55 <.05 - 1.7
1971 40 .41 .12 — 0.95
1972 26 .71 .24 — 1.12
1973 25 .72 .25 - 1.99
In 1971 only Rainbow Trout, Coho Salmon, and Chinook Salmon analyzed.
In 1972 and 1973, Smallmouth Bass was only species analyzed.
SOURCE: New York Department of Environmental Conservation.
     
TABLE 8.7
MIREX IN LAKE ONTARIO FISH T
(edible portion) -
MIREX CONCENTRATION (PPm)
AREA SPECIES NUMBER AVERAGE HIGH LOW g
i,
LAKE ONTARIO
Toronto Waterfront Project
i
r
Frenchman's Bay Carp 4 0.02 0.05 0.01
Yellow Perch 7 0.04 0.09 0.02
White Perch 2 0.44 0.50 0.38
White Bass 7 0.07 0.13 0.04
Brown Bullhead 4 0.14 0.14 0.08
White Sucker 2 0.07 0.08 0.05 {
Northern Pike 5 0.02 0.04 0.008
Gizzard Shad 3 N.D.
Black Crappie 3 0.01 0.02 0.008
Duffins Creek Yellow Perch 9 0.25 1.3 0.08
White Perch l 0.25
White Sucker 8 0.04 0.07 0.03
Brown Bullhead 10 0.11 0.38 0.04
Etobicoke Cr. Yellow Perch 10 0.05 0.11 0.02
Northern Pike 1 0.10
White Sucker 13 0.03 0.07 0.002
White Bass 5 0.09 0.12 0.08
St. Georges Yellow Perch l N.D.
Blue Gill 10 N.D.
Northern Pike 2 N.D.
Heart Lake Brown Bullhead 6 N.D.
East Point Brown Bullhead 20 0.06 0.21 0.03
Clairville Res. White Sucker 5 0.004 0.005 0.003
Large N. Bass 3 0.004 0.005 0.004
Albion Hills Yellow Perch l N.D.
Pond White Sucker 4 N.D.
Shiners 2 N.D.
Humber River
Suckers
16
0.02
0.07
N.D.
Rouge River
Brown Bullhead
43
0.10
0.80
0.03
Yellow Perch
52
0.08
0.18
0.03
>
Northern Pike 3 0.02 0.02 0.02
White Sucker
2
0.01
0.02
N.D.
L
LAKE ONTARIO
Ganaraska River
Cohoe
41
0.24
0.40
0.12
Rainbow 60 0.03 0.31 0.005
Traverse Shoal
Smelt
5(x5)
0.13
0.21
0.09
Port Dalhousie
Smelt
10(x10)
0.12
0.19
0.06
Cohoe 10 0.19 0.30 0.12
Br. Trout 10 0.22 0.35 0.15
Bronte Creek
Smelt
3(x10)
0.12
0.15
0.10
Hamilton Harbour
Smelt
4
0.02
0.04
0.01
Alewife 13 0.15 0.23 0.04
Suckers 3 0.02 0.03 '0.01
Perch
3
0.07
0.08
0.01
Humber River
Smelt
7(x5)
0.10
0.12
0.05
Port Hope Smelt (3(x4) )
(8(x5) ) 0.20 0.35 0.12
Wilmot Creek
Smelt
10(x5)
0.10
0.14.
0.04
      
These fish were taken between Fall 1975 and Spring 1976 by Ontario Ministry of Natural
Resources. Analyses were carried out by Ontario Ministry of Environment Pesticides
Laboratory.
()
Figures in brackets represent
the number of
fish included in each composite sample.
 
N.D. None detected. Detection limit for Mirex is 0.001 ppm.
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 ' TABLE 8. 8
1 LEVELS OF MIREX, PCB AND DDT IN SPECIES OF FISH FROM
1 EASTERN PORTION OF LAKE ONTARIO IN 1976
l (edible portion of fish)
         
CONCENTRATION (ug/g)
F MIREX PCB DDT
Species Mean Range Mean Range Mean Range
Catfish l .41 17 — .60 11.58 7.9 - 12.42 2.45 1.60 — 3.51
Pike .048 .01 .24 .41 .22 — .89 .051 .03 — .12
Coho* ; .085 .03 .14 3.69 2.0 - 5.38 .685 .42 — .95
Sucker* E .035 .03 .04 1.005 .96 — 1.15 .18 .13 — .23
Carp : .096 .06 .14 2.48 1 3 — 3.29 .695 .32 — 1.36
White Perch** 4 .113 .02 .61 1.74 0.82 — 2.8 .387 .23 — .73
Eel i .125 .06 .18 6.68 4 4 — 8 5 1.41 93 — 2.1
Yellow Perch f .015 .01 .02 .363 .28 — .52 .048 .03 — .07
Bullhead* .01 .31 .21 — .41 .075 .03 — .12
Smelt .06 .05 .07 1.16 1.12 — 1.22 .25 .22 — .29
: Sheeps‘Hzead .172 .04 .37 2.98 .89 — 6.6 .48 .14 — 1.1
Rock Bass .038 .005 —.15 1.59 .11 — 5.21 .363 .01 - 1.18
* — Based on two samples.
** — One Mirex value of 0.61 introduces significant upward bias in the mean.4
Excluding single high value provides mean of 0.064, range of 0.02 — 0.11.
Mean of .113 to be interpreted with caution, as level of .61 for mirex
may be analytical artifact.
SOURCE: FMS, Environment Canada.
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 TABLE 8.9
MERCURY IN VARIOUS SPECIES OF FISH FROM LAKE ONTARIO (1970-75)
  
MERCURY (113/g)
Species Area* Date Mean Range
Rock Bass 4C00 1975 0.44 0.18 — 0.73
3
Catfish 4c00 1975 f 0.96 0.37 — 1.55
N. Pike 4C05 1973 0.65 -
Rock Bass 4C05 1975 . 0.47 0.43 - 0.52
Eels 4C05 1975 0.59 0.45 — 0.75
N. Pike 4CO6 1975 0.66 —
Eel 4006 1973 0.65 0.49 - 0.85
Rock Bass 4C06 1975 0.54 -
     
* — Statistical areas depicted on attached map.
SOURCE:
FMS, Environment Canada
74
 
_.
—
-
,
,
.
_
.
.
  
Fish intended for commercial sale in Canada have been analysed for several
years by the Fisheries Inspection Branch, Fisheries and Marine Services,
Environment Canada. At the same time, samples of some commercial fish catches
in Ontario are collected by Ontario Ministry of Natural Resources and submitted
to Ontario Ministry of the Environment for analysis. The Sports Fisheries
Branch of the Ministry of Natural Resources has also collected samples of
various fish species from recreational lakes. These fish have been submitted
to Ministry of the Environment Laboratories and the Provincial Pesticide
Residue Laboratory for PCB analysis. Bioconcentration factors of 6300-7l,400
and 12,400 have beenreported for PCB accumulation in fish by direct contact
and ingestion from water. Juvenile salmon exposed to 1 mg/l Arochlor 1254
solubilized by Corexit 7664 for 24 hours had a total body residue of 60 ug/g.
Table 8.10 represents PCB residue data for coho salmon taken at the mouth
of the Credit River in Lake Ontario in the Fall of 1975.
A summary of the range of PCB in fish from various watersheds was prepared
by the Water Resources Branch in November, 1975, in response to the announcement
by Fisheries and Marine Services of Environment Canada of the new 2 ppm standard
for PCB in the edible portion of fish for commercial sale. This summary is
presented in Table 8.11.
IFYGL data on the concentrations of t-DDT (sum of DDT, DDE, and DDD),
dieldrin, and PCBs (expressed as Aroclor 1254 equivalent) found in whole fish
(i.e. wet weight basis) and the extractable fat contents of the fish are shown
in Table 8.12. Because chlorinated hydrocarbon levels have been related to
the fat content of the fish, these variations likely are further decreased by
examining chlorinated hydrocarbon concentrations in relation to the extractable
fats contents of the whole fish. Table 8.13 shows t—DDT and PCB levels in
fish based on fat content. Such data indicate that the more migratory alewives
and smelt accumulate higher t-DDT levels ona fat basis (averages of 36.2 ug/g
and 30.5 ug/g) than the less migratory slimy sculpin (16.9 ug/g).
Arsenic and selenium levels in fish from Lake Ontario are in the ranges
of 0.003 — 0.12 ug/g (Table 8.14). The results indicate no apparent magnifica—
tion of either substance from sediments to fish in the lake.
A survey of the Trent System by the Ontario Ministry of the Environment
in 1976 utilized rock bass as a biological indicator to identify areas of PCB
contamination.
Table 8.15 shows the PCB residues from this survey.
Samples
of spottail shiners (Notropis hudsonius), sediments and lakewaters have also
been collected at eleven sampling locations on Lakes Ontario, Erie and St.
Clair during the fall of 1975 and analysed for chlorinated hydrocarbon residues
(Table 8.16).
All fish samples contained PCB and DDT residues.
Heptachlor
epoxide, dieldrin, endrin and chlordane residues were found in some of the
collections.
Analyses of samples of Lake Ontario alewife in 1974 by U.S. EPA's Environ—
mental Research Laboratory in Duluth have identified tri-,
tetra—,
penta-, and
hexa-chlorobenzenes.
Organochlorine residuals data in Lake Ontario fish collected and analysed
in
1975 by U.S.
EPA
are
shown
in
Table
8.17.
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 TABLE 8. 10
PCB ANALYSIS RESULTS FOR COHO SALMON TAKEN FROM
THE CREDIT RIVER, FALL, 1975
Analyses were performed on edible fillets taken from each fish.
  
a Weight of fish Percent fat in PCB level in parts
H in kilos edible tissue 4per million
4.3 19 22.5*
4.5 5 5.5*
1.6 18 22.5*
4.9 14 21.0*
'h 4.3 5 4.9*
.3 4.3 14 18.8*
33 4.4 12 13.0*
‘1 2.2 8 12.o*
'4
5.0
4
4.0
2.3 3 3.8
5.2 4 6.3*
2.8 4 2.6
4.0 17 21.8*
4.9 3 4.2
4.5 7 8.3*
2.0 6 5.2*
4.4 12 18.4*
3.5 11 8.5*
4.2 5 16.0*
5.3 7 10.0*
2.5 2 2.7
4.2 15 11.3*
2.2 5 14.1*
3.7 3 5.2*
2.6 11 12.4*
4.7 4 3.7
2.0 11 8.5*
4.2 7 4.4*
2.6 8 6.9*
4.7 2 2.5
5.2 3 3.1
6.3 2 2.9
5.3 2 2.1
4.9 4 3.9
6.3 7 6.8*
5.0 2 2.3
4.8 4 3.4
4.3 4 4.2
5.2 1 2.1
5.1 8 10.7*
    
* - Far exceed the 2 ppm guideline.
SOURCE: Polychlorinated Biphenyls in the Ontario Environment,
MOE Report, July 1976.
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TABLE 8.11
PCB'S
IN FIS
H
NUMBER
0F
% DIST
RIBUTI
ON
LAKE
YEAR
AREA
SPECIES
SAMPLES
<2 ppm
2—5 ppm
>5 ppm
Ontario
1971
Credit Ri
ver
Coho Salm
on
5
0
O
100
1974
Credit
River
Coho S
almon
7
0
O
100
1974
Credit Ri
ver
BrookTrou
t
6
100
O
O
‘
1974
Toronto W
ater—
front
Yellow P
erch
6
100
0
0
1974
Toronto W
ater—
front
White Pe
rch
4
0
75
25
7
7
1974 Toronto Water—
front
White Suc
ker
29
90
10
O
1974
Toronto W
ater-
front
Brown Bul
lhead
12
84
8
8
1974 Toronto Water—
front
Northern
Pike
7
100
0
0
1975 Credit
River Coho
Salmon
42 0
45 55
       
SOURCE: Polychl
orinated Biphenyl
s in the Ontario
Environment, MOE
Report, July 1976
.
 TABLE 8.12
DDT AND PCBs IN LAKE ONTARIO FISH FAT (pg/g)
 
SPECIES LOCATION TOTAL DDT PCB PCB/TOTAL DDT 1
Alewife Hamilton 18.6 86.7 4.7
Alewife Olcott 19.2 33.3 1.7
Alewife Rochester 29.1 128.2 4.4
Alewife Mexico Bay 31.9 30.3 0.9
Alewife Prince Edward Pt. 67.5 11.7 0.2
Alewife Galloo—Stoney 50.8 158.8 3.1
Smelt Hamilton 33.7 50.4 1.5
Smelt Olcott 36.7 87.3 2.4
Smelt Rochester 43.7 79.3 1.8
Smelt Prince Edward Pt. 17.8 52.1 2.9
Smelt Galloo—Stoney 20.8 23.3 1.1
Slimy Sculpin Hamilton 9.6 29.5 3.1
Slimy Sculpin Olcott 30.2 179.8 6.0
Slimy Sculpin Rochester 32.8 100.5 3.1
Slimy Sculpin Mexico Bay 27.0 113.9 4.2
Slimy Sculpin Prince Edward Pt. 16.2 60.3 3.7
Slimy Sculpin Galloo—Stoney 10.4 38.7 3.7
      
SOURCE: EPA-660/3—75—022 "Chlorinated Hydrocarbons in the Lake Ontario
Ecosystem (IFYGL). June 1975.
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 TABLE 8 . 13
CHLORINATED HYDROCARBONS AND FAT IN LAKE ONTARIO FISHa
 
SPECIES LOCATION Fat DDE DDD DDT Total DDT Dieldrin PCB
% —————————————————————— u/g/ whole fish ———————————————————
0.46
0.77
0.71
0.79
0.
81
0
.
9
6
1.36
0.85
1.37
0.86
0.91
0.94
1.10
1.11
1.28
0.83
0.
60
Alewife
Hamilton
Alewife
01cott
Alewife
Rochester
Alewife Mexico Bay
Alewife Prince Edward Pt.
Alewife
Galloo—Stoney
Smelt
Hamilton
Smelt Olcott
Smelt
Rochester
Smelt Prince Edward Pt.
Smelt Galloo-Stoney
Slimy Sculpin Hamilton
Slimy Sculpin Olcott
Slimy Sculpin Rochester
Slimy Sculpin Mexico Bay
Slimy Sculpin Prince Edward Pt.
Slimy Sculpin Galloo—Stoney
0.14 0.67 0.04 3.12
0.16 1.00 0.03 1.73
0.99 0.04 4.36
0.13 0.99 ‘ 0.03 0.94
N.D. 0.81 0.03 0.14
0.18 1.22
0.04 3.81
0.23 1.65 0.04 2.47
1.10 0.02
2.62
0.29 1.79 0.03 3.25
0.23 1.19 6 3.49
0.24 1.25
7 1.40
N.D.
0.94
2.89
1.54 9.17
0.26
1.41
4.32
0.26 1.54 6.49
1.23
1.58
0.17 0.89 3.33
(
D
HO
h
~
h
—
O
f
\
oo
O
N
O
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o
o
o
x
o
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o
o
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7
9
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ﬂ
Q
l
-
D
N
C
O
O
O
H
O
Q
O
O
O
H
H
H
Q
H
r
—
I
Q
H
H
O
O
O
O
Z
O
O
O
O
O
O
Z
O
O
Z
O
O
O
O
m
O
r
—
l
q
O
O
Q
O
O
H
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aN.D. - indicates that no determination was made.
SOURCE: EPA—660/3-75-022 "Chlorinated Hydrocarbons in the Lake Ontario Ecosystem (IFYGL), June 1975.
 
  
TABL
E 8.
14
LEVELS OF ARSENIC AND SELENIUM IN FISH FROM LAKE ONTARIO
STATION
NUMBER
LATITUDE LONGITUDE SPECIES
NUMBER 1
OF SAMPLES}
A
R
S
E
N
I
C
u
g
/
g
(wet)
SEL
ENIUMegg/g
(wet)
 
AVERAGE*
MAXIMUM MINIMUM
AVERAGE*
 
1
5
6
7
1
3
8
0
15
 
43°37'00"
43°18'30"
43°56'48"
43°52'48"
43°22'30"
44°04'00"
 
79°27'00"
78°56'30"
77°48'00"
77°48'00"
77°48'00"
76°34'00"
 
Alewife
Smelt
Smelt
Alewife
Smelt
Alewife
Sculpin
Alewife
Sculpin
Rock Bass
 
r
—
i
r
—
i
v
—
G
N
N
H
H
H
H
H
 
0.05
0.07
  
L
n
q
-
q
c
n
m
e
r
x
x
o
o
c
h
m
O
O
O
O
O
O
O
H
O
O
O
O
O
O
O
O
O
O
O
O
  
.
.
g
n
u
a
n
q
'
a
n
o
o
x
-
r
o
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 
* Average value of result of one analysis if only one sample collected.
SOURCE:
"Levels of Arsenic and Selenium in the Great Lakes Region", IWD, Environment Canada Scientific series #58, 1975.
 
 TABLE 8.15
PCB RESIDUES IN ROCK BASS
  
TRENT — 1976
FISH SIZE PCB CONCENTRATIONS — ppb
LOCATION (cm) NUMBER RANGE MEAN i S.D.
Rice Lake, 14.6 i 0.5 10 120 - 340 219 i 69
Serpent Mounds
Rice Lake, 13.6 t 1.6 10 120 — 460 308 i 97
Ottonabee
Ottonabee River, 13.6 i 0.8 10 200 - 1650 798 i 542
Peterborough
Katchawanooka Lake, 13.1 i 0.6 6 N.D. — 100 25 t 38
Lakefield
Sturgeon Lake, 14.7 t 1.1 6 N.D. - 260 135 i 102
Lindsay
Balsam Lake, 14.2 i 0.8 8 N.D. — 30 13 i 13
Rosedale
Lake Simcoe, 13.3 i 0.8 6 N.D. — 20 8 i 8
Talbot River
Lake Simcoe, 12.9 i 0.3 6 80 — 120 93 i 16
Sibbald Point
Lake Couchiching, 15.7 i 2.2 5 10 — 100 44 i 35
Orillia
   
SOURCE:
81
Ontario Ministry of Environment.
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TABLE
8.16
  
M
E
A
N
F
I
S
H
LENGTH
(T.L.)
(mm)
ANALYSES
C
H
L
O
R
I
N
A
T
E
D
H
Y
D
R
O
C
A
R
B
O
N
R
E
S
I
D
U
E
S
IN
S
P
O
T
T
A
I
L
S
H
I
N
E
R
S
L
A
K
E
S
O
N
T
A
R
I
O
;
E
R
I
E
A
N
D
S
T
.
C
L
A
I
R
—
1
9
7
5
(
N
G
/
G
W
E
T
W
E
I
G
H
T
)
=
1
 
Z FAT
C
O
N
T
E
N
T
PCB
CONC.
t
S
.
D
.
XDDT
CONC.
t
S
.
D
.
H
E
P
T
A
C
H
L
O
R
E
P
O
X
I
D
E
CONC.
i
S
.
D
.
DIELDRIN
CONC.
t
S.D.
E
N
D
R
I
N
CONC.
i
S
.
D
.
C
H
L
O
R
D
A
N
E
CONC.
t
S
.
D
.
CHLORDANE
CONC.
I
S
.
D
.
Glenora
5
64
\
‘
f
4
*
!
Presqﬁile
5
60
Q
+
1
\
‘
f
H
Darlington
5
64
Frenchman's
Bay
5
52
m
H
m
+
l
Toronto
Harbour
5
77
P
o
r
t
C
r
e
d
i
t
5
94
Q
M
Q
+
l
Niagara—on-the-Lake
5
56
Port
Colborne
5
61
M
H
Port
Rowan
5
65
Q
4
-
!
Point
P
e
l
e
e
S
63
M
+
l
Tremblay
Creek
4
65
I
f
)
«
H
   
2
.
9
M
c
H
2
.
7
N
O
H
4.9
0
0
C
H
2.2
M
.
O
+
l
6.8
n
.
O
+
l
7
.
3
C
h
O
N
2
.
3
M
O
H
1.2
M
O
H
2
.
1
'
H
0.6
1.8
+
1
0.2
3.4
+
l
1.9
111
+
|
2
7
52
0
+
1
91
420
t
116
200
+
l
35
1980
H
622
3845
t
2247
690
1
195
82
H
2
9
59
H
2
9
844
1
403
275
H
2
0
7
  
41
I
x
+
|
77
t
12
91
1
29
46
i
10
221
t
79
465
i
51
2
4
4
t
5
2
32
t
23
1
2
8
t
6
5
92
1
22
8
1
t
5
4
 
1
i
0
2
+
1
2
N
H
m
N
+
l
H
H
H
H
H
«
H
H
H
+
|
r
-
d
    
Detection
Limits
—
 
10.0
1.0
1.0
 
SOURCE:
Ontario
Ministry
of
Environment.
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9. DATA ON WILDLIFE
Man
y p
ers
ist
ent
pol
lut
ant
s p
res
ent
in
the
Gre
at
Lak
es
acc
umu
lat
e t
o h
igh
lev
els
in
top
-of
—th
e-f
ood
—ch
ain
fis
h—e
ati
ng
bir
ds,
of
whi
ch
the
Her
rin
g G
ull
is a good example.
Adul
t gu
lls
from
Lake
s Mi
chig
an,
Erie
and
Onta
rio
rema
in o
n th
eir
nata
l
lake
s th
roug
h0ut
the
year
, bu
t La
ke
Supe
rior
adul
ts m
igra
te t
o La
ke M
ichi
gan
and
Lake
Huro
n ad
ults
migr
ate
to L
akes
Onta
rio
and
Erie
duri
ng t
he w
inte
r
mon
ths
(Fo
x 1
976
).
Fee
din
g h
abi
ts
stu
die
s s
how
tha
t t
his
spe
cie
s i
s a
n
exce
llen
t in
dica
tor
of e
nvir
onme
ntal
cont
amin
atio
n.
Resi
dues
of m
ercu
ry a
nd
some
orga
noch
lori
ne c
ompo
unds
in H
erri
ng G
ull
eggs
have
been
moni
tore
d in
each of the Great Lakes (Table 9.1).
Residues (primarily PCB, mirex and mercury) were markedly higher in gull
eggs from Lake Ontario than from other lakes. The median level for mirex in
Ontario eggs is ten times higher than in eggs from any of the other lakes.
Residue levels in Herring Gull eggs in Lake Ontario have remained high
and relatively constant since 1972 (Hallett 35 al 1976) (Table 9.2).
Analysis by GC/MS of adult Herring Gull lipid confirmed the presence of
16 organochlorine pollutants (Table 9.3), four of which were at extremely
high lipid concentrations (PCB, 3530 ppm; DDE, 310 ppm, mirex 220 ppm; and a
previously unknown photo-isomer, 8—monohydromirex or photomirex, 84 ppm). To
date, 13 polynuclear aromatic hydrocarbons have been identified and confirmed
at concentrations ranging from 10—300 ppb.
A comparison of organochlorine residues was made between two groups of
Lake Ontario fish and Herring Gull eggs (Table 9.4). Four residues, PCB,
DDE, mirex, and photomirex, predominated in all species, and levels in coho
salmon were 5 times, and in Herring Gull 60-120 times, higher than in alewife
and smelt. The ratios of DDE to PCB, mirex, and photomirex (Table 9.5) are
not significantly different between the three groups. The similarities of
these ratios in both gulls and salmon (an open lake predator feeding on
alewife and smelt) suggest that gulls and salmon eat the same food. Organo—
chlorine residues accumulated by wild Lake Michigan Herring Gulls parallelled
residues accumulated by caged gulls fed Lake Michigan alewife. The use of
Herring Gull eggs as an indicator of trace contaminants in the Great Lakes
facilitates identification of those compounds, since residues are generally
concentrated at much higher levels than in fish. Direct analysis of water
and lower biota for trace contaminants is difficult due to low levelspresent.
Strong correlations have been established between high concentrations of
organochlorine compounds and poor reproductive success for many top predators.
Herring Gull studies in 1975 (Gilman g£_gl 1976) revealed almost total repro—
ductive failure of Lake Ontario colonies, characterised by significant decreases
in egg hatchability, observed clutch size, and survival of chicks (Table 9.6).
The major causes of egg failure were disappearance of eggs from the nest and
embryonic mortality (Table 9.7). Qualitative observations made in 1975 and
quantified in 1976 indicate that Lake Ontario adult gulls show behavioural
abnormalties such as reductions in nest defence and incubation attentiveness.
   
Thes
e be
havi
oura
l ch
ange
s pe
rmit
ted
an i
ncre
ase
in e
gg p
reda
tion
and
the
adu
lts
fai
led
to
pro
vid
e o
pti
mum
inc
uba
tio
n c
ond
iti
ons
for
the
dev
elo
pme
nt
of
the
embr
yo.
Fox
(197
6) q
uant
ifie
d an
actu
al d
ecre
ase
in m
ean
egg
incu
bati
on
temp
erat
ure.
Horm
onal
and
gene
tic
chan
ges
in b
reed
ing
adul
ts a
re i
mpli
cate
d
as p
roba
ble
caus
es o
f th
e be
havi
oura
l a
bnor
mali
ties
and
low
egg
viab
ilit
y
respectively.
Other species of fish—eating birds are also seriously affected. The
Doub
le-c
rest
ed C
ormo
rant
popu
lati
on h
as d
ecli
ned
by 9
0—95
% in
Lake
Onta
rio
and
up t
o 50
% in
Geor
gian
Bay
in e
ight
year
s.
This
spec
ies
suff
ers
from
the
well
—
docu
ment
ed t
hin—
eggs
hell
prob
lem
(Pos
tupa
lsky
, 19
76).
Only
one
smal
l co
lony
of these birds can now be found on Lake Ontario. The Black-crowned Night
Hero
n sh
ows
cons
iste
ntly
poor
repr
oduc
tive
succ
ess
on L
ake
Onta
rio
and
also
lays
eggs
that
read
ily
crac
k an
d de
nt
(Pri
ce,
1976
).
The
larg
e Co
mmon
Tern
colony at Presqu'ile has now diminished to several pairs.
A recent report by Gilbertson §t_al (1976) discusses the increased inci—
dence of chick deformities (crossed bills, skeletal anomalies, opthalmic
lesi
ons)
in s
ever
al f
ish-
eati
ng b
ird
spec
ies
(gul
ls,
tern
s an
d he
rons
) i
n th
e
lowe
r Gr
eat
Lake
s.
Cont
roll
ed l
abor
ator
y st
udie
s of
bird
s fe
d PC
B, D
DT a
nd
DDE
have
showu
these
compo
unds
are
causa
lly
relat
ed t
o emb
ryoni
c mo
rtali
ty a
nd
deformity.
Mire
x,
the
thir
d-la
rges
t co
ntam
inan
t in
gull
eggs
in L
ake
Onta
rio,
is a
carcinogen recognized by the U.S. National Cancer Institute. Polynuclear
arom
atic
hydr
ocar
bons
and
PCB
meta
boli
tes,
all
of w
hich
have
been
iden
tifi
ed
in g
ull
lipi
d ex
trac
ts,
have
also
prov
en t
o be
carc
inog
enic
in m
amma
ls,
incl
udin
g
primates.
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TABLE 9.1
ORGANOCHLORINE AND MERCURY RESIDUE LEVELSa
b
IN HERRING GULL EGGS IN THE GREAT LAKES
1974
AND
1975
8
7
 
HEPTACHLOR
HEXACHLORO-
NUMBER
DDE
DDD
DDT
DIELDRIN
EPOXIDE
MIREX
BENZENE
PCB
Hg
Lake Ontario
39
22.6
0.09
0.09
0.37
0.12
5.06
0.19
142
0.51
(8.8—35.l) (trace—0.83) (0.02—1.04) (0.08—1.08)
(0.01—0.36)
(1.95—18.6)
(0.01-0.72)
(73.8—261)
(0.29—1.47)
Lake Erie
42
7.04
0.08
0.04
0.30
0.14
0.31
0.11
65.8
0.22
(3.8-14.3) (trace-0.24) (0.01-0.15) (0.10—0.69)
(0.04—0.28)
(0.14—2.19)
(0.06—0.31)
(41.2-110)
(0.11—0.35)
Lake Huron
40
13.8
0.10
0.08
0.41
0.12
0.56
0.14
51.5
0.23
(5.4—41.9) (trace—0.38) (0.01—0.32) (0.13—0.87)
(0.04-0.26)
(0.06—6.92)
(0.05—0.42)
(15.4—118)
(0.11—0.50)
Lake Superior
39
18.6
0.15
0.12
0.39
0.14
0.66
0.11
60
0.39
(8.6—47.l) (trace—0.4)
(0.02—0.58) (0.13—1.35)
(0.07—0.38)
(0.2—5.17)
(0.02-0.33)
(33.4—148)
(0.16—0.63)
Lake Michigan
10
31.8
trace
0.13
0.48
0.16
trace
0.04
91.3
N.D.
(15.8-145)
(trace—0.07) (0.07—0.39) (O.3—0.92)
(0.11—0.60)
(trace—2.47)
(0.02—0.14)
(55.1—395)
          
a Median (range) in parts per million, wet weight.
b Eggs collected from two colonies in each lake in both 1974 and 1975 except from Lake Michigan where they were from a single colony in 1975.
C Polychlorinated biphenyl values based on a 1:1 mixture of Aroc lor 1260:1254.
N.D. Not Determined.
  
  
TABLE 9Q2
OR
GA
NO
CH
LO
RI
NE
RE
SI
DU
ES
(1
N
PP
M)
IN
HE
RR
IN
G
GU
LL
EG
GS
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 TABLE 9.4
ORGANOCHLORINE RESIDUES IN LAKE ONTARIO BIOTAa
 
(PPM WET WEIGHT)
       
ALEWIFEb COHO SALMONc HERRING GULLd
RESIDUE AND SMELT MUSCLE LIVER EGG
PCBe 1.11 5.77 2.31 133
; DDE 0.19 0.97 0.41 17.4
; DDD 0.047 0.11 0.075 0.16
3 Mirex f 0.046 0.23 0.10 4.40
Photomirex 0.034 0.19 0.042 2.04
HCB 0.012 0.097 0.065 0.52
B-HCH 0.002 0.012 0.010 0.078
Y—chlordane 0.010 0.016 0.015 N.D.
a—chlordane 0.023 0.034 0.025 0.12
Oxychlordane 0.010 0.016 0.013 0.197
Heptachlor epoxide 0.003 0.015 0.007 0.122
Dieldrin 0.029 0.087 0.060 0.32
% Lipid 2.34 8.17 6.16 6.33
‘ a All values are arithmetic means where several analyses are combined.
b Gut contents of coho salmon, n=50, pooled sample, mean weight 13.6 g.
3 c Individual analysis, n=28, mean weight 2393 g; relative std. dev. of mean
V residue levels: 0.4615 for muscle, 0.46:14 for liver.
1} d Analysis of 6 pooled samples, 9-10 eggs each, from 4 colonies at the eastern
L" end of the lake (W. Brothers Is1., Pigeon Isl., Snake Isl, and Presquile
E peninsula); relative std. dev. of mean residue levels: 0.1810.04.
£1 8 Calculated as 1:1 Aroclors 1254:1260. This number represents the environmen—
L‘ tally stable hexa— and heptachlorobiphenyls, and does not imply all PCBs in
§ these mixtures are present.
% f 8-monohydromirex. The value for coho muscle is probably too high due to
1 interferences in the chromatographic analysis.
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Granite Island,
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Members of the Committee:
At t
he 3
0th
meet
ing
of t
he G
reat
Lake
s Wa
ter
Qual
ity
Boar
d he
ld o
n
December 1—2, 1977, the Implementation Committee was requested to report
on the persistent toxic pollutants in the basins of lakes Erie, Michigan,
Huron and Superior.
On January 19, 1978, the Implementation Committee requested the
undersigned to prepare an inventory of qualitative and quantitative
information on the distribution of organic and heavy metalcontaminants
within the four basins. We have prepared the inventory and are pleased
to submit this "Status Report On Organic and Heavy Metal Contaminants in
the lakes Erie, Michigan, Huron and Superior Basins".
It is our understanding that under the auspicies of the Implementation
Committee, this inventory will be assessed to determine those contaminants
which may present a hazard to human health and the environment and to
determine if additional programs and measures are necessary to protect
public health and resources in the lake basins.
Respectfully submitted,
ﬁlm
Dennis E. Konasewich
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Compilations of data were received from various agencies within the
Great Lakes Basin.
The efforts of the individuals responsible for the
compilations are very much appreciated.
This document certainly could not have been completed within the
short
timeframe,
without
the
dedicated
efforts
of Mrs.
Jean Laforge
and
Mrs. Susan Diewart.
   
   
Early in 1978,
the Great Lakes Water Quality Board directed its
Implementation Committee to prepare a report which would:
review available
data on the distribution and bioaccumulation of "toxic materials"
in the
basins
of lakes Erie, Huron, Superior and Michigan;
define the necessary
future
programs
to assess
the
degree
of contamination
in
the
basins;
and,
recommend
future
data
collection,
financial
and
technical
assistance
to
conduct
necessary programs
and measures
to
protect
the
public
health
and
resources
of
lakes
Erie,
Huron,
Superior
and Michigan.
A
report
for Lake
Ontario was prepared in 1976.
This
report
to
the Implementation
Committee
is
an inventory
of organic
and
heavy
metal
contaminants
which
have
been
detected
in
the
basins
of
lakes
Erie,
Huron,
Superior
and
Michigan.
Subsequently,
under
the
auspicies
of
the
Implementation
Committee,
the
identified
contaminants
will
be
evaluated
to
determine
which,
if
any,
may
have
potential
effects
on
human
health
and
the
environment.
Recommendations
for
future
programs
will
then
be
developed.
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4. The substances mustbe persistent.
   
  
Following the review of the available data on the distribution and bio-
accumulation of the 50 identified toxic substances within the Lake Ontario
Basin, the Implementation Committee in December 1976 made seven recommenda—
tions to the Water Quality Board. Among the recommendations were: the need for
monitoring to establish trends of specific toxic substances levels in Lake
Ontario; the need for establishing action levels (of the 50 substances) by
environmental health agencies for the protection of human health from the
substances identified; and, the need for close coordination between the air,
water and solid waste programs. Subsequently, the recommendations were trans-
mitted to the International Joint Commission by the Water Quality Board in _
July 1977. The recommendations are detailed in the Water Quality Board's 1976 i
Annual Report to the IJC and in the Board's Appendix E, entitled "Status i
Report on the Persistent Toxic Pollutants in the Lake Ontario Basin." '
Early in 1978, the Great Lakes Water Quality Board directed its Implementa—
tion Committee to initiate the preparation of a similar report for the other
four Great Lakes — Erie, Huron, Superior and Michigan. Each jurisdiction
within the Great Lakes Basin was then requested to provide qualitative and
quantitative information on organic contaminants and heavy metals which the
jurisdictions have identified in point sources, atmospheric sources, sewage
sludges, runoff, sediments, water, benthos, plankton, fish and wildlife within
the basins of the four lakes. Requests were also made to various research
laboratories. On the basis of the responses to the above requests and on the
basis of a search of the available scientific literature, information was
assembled on contaminants found within the four lakes and subsequently pub—
lished within this Report.
Originally the intent of this Report was to focus only on the fifty sub—
stances identified within the Lake Ontario report.
However, the responses of
the jurisdictions and the published scientific literature contained information
on the presence of an extensive number of additional compounds, many for which
there is minimal information on their possible environmental and health effects.
As a result, this report outlines the additional contaminants so that future
evaluations may be made to determine which, if any, present a hazard to the
environment and/or to human health.
Tables I and II show the distributions of
the 50 compounds within the basins of the four lakes.
Lake St. Clair, and the
Detroit and St. Clair Rivers are listed in a separate category.
Table III
shows the other contaminants which were identified.
With regard to this Report, there are several major points which must be
highlighted:
1. Due to the considerable amount of information received, a review and
analysis of the data could not have been completed within this
reporting period.
No effort was made to assess the quality of the
data.
This document only serves as an inventory of information for
subsequent review by the Implementation Committee, its Subcommittees,
the Committee on the Assessment of Health Effects of Great Lakes
Water Quality, and possibly the Research Advisory Board.
The groups
may, for example, determine:
which, if any, of the compounds listed
in Table
III
are harmful
to aquatic
biota,
wildlife
or
human health;
the
possible
sources
of harmful
compounds;
and,
the
adequacy
of
existing monitoring programs.
The Chemical Abstracts Service Registry
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for information on toxicity, carcinogenicity and chemical properties,
to aid in the evaluation process. The Committee on the Assessment of
Health Effects of Great Lakes Water Quality initiated its efforts
during October, 1978.
With regard to the large number of compOunds listed in Table III, the
Great Lakes Water Quality Board in its Report to the Commission in
July 1978 concluded:
(a) The proliferation of hitherto—unreported chemical compounds
discovered in the Great Lakes ecosystem in recent years is
probably related to the increasing skills of analytical chemists
to identify them rather than to any real, sudden increase in
their presence in the ecosystem. As analytical methods become
more sophisticated, this trend will continue.
(b) Such information on contaminants provides a basis for assessing
potential effects on human health and the environment. This
establishes a baseline for future studies to determine if
concentrations of individual chemicals are increasing over a
period of time and can aid in determining the source of the
compound in question.
(c) Many of the compounds detected are known to have the potential
to be detrimental to human health or otherwise affect ecosystem
quality. However, such potential may be realized only under
exposure conditions far removed from those experienced under
present conditions in the Great Lakes Basin.
(d) Although there have been advances in the science of toxicology
such that a number of screening techniques indicative of poten-
tial toxicity have been developed, definitive studies to charac—
terize the potential of a chemical to produce adverse effects
remain expensive, time—consuming and demanding of facilities and
expertise which is available only to a limited extent.
(e) As a consequence of this growing list of contaminants, vigorous
application of toxic substance legislation introduced in Canada
and the United States represents the most effective mechanism to
protect environmental health and quality. Continued surveillance
efforts will assure that trends and levels of contaminants will
be monitored.
Many of the compounds in Table III, such as the polyaromatic hydro—
carbons, fatty acids and glycolates may be naturally occurring.
This Report attempts to identify as many contaminants as possible.
There is much information on contaminant levels (quantitative data)
which is not within this Report.
The data within this Report was and is publicly available. However,
due to the considerable amount available from many sources, it is
expected that some of the data will be new to many of the investi—
gators working within water pollution control efforts.
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TABLE I”)
SUMMARY OF THE DISTRIBUTION OF CONTAMINANTS FOR WHICH
GREAT LAKES WATER QUALITY OBJECTIVES HAVE BEEN DERIVED
E — Lake Eric H — Lake Huron
D - St. Clair River, Lake St. Clair S - Lake Superior
Detroit River M — Lake Michigan
wJLILAﬂLAKE BASIN
Chemical
Abstracts DISCHARGES BENTHOS
A Reg. Nos. wig: SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
r
Orgaqgiigﬁytancgg r
Aldrin 309002 HS EDHM EHS :
Chlordane 57749 SEHD ED EDHM E EHSMD ES !
Dieldrin 60571 HSMED EHSMD HHS EDHM HSE EDHSM EHSM j
DDT and metabolites 50293 HSMED DSMEH ESHD EM SEH EDHSM HSM
Endrin 72208 SE EDHM E HS
Heptachlor 764A8 HS [HHW
Heptachlor opoxidc 133C6680 SEDH ED E EDHN EDHS EHSM
Lindano 58899 HSE HHS EDHM HS
Mcthoxychlur 72433 S HHS DM HS
Toxaphone 8001352 S HS
Phthalic acid esters*
EDHSM
SHED
EDHM
S
HSM
Polythlorinated
Biphenyls 27323188 EHSMD EDHSM EHSMD EDHSM EHS EDHSM EHSM
'Keponc
CloCl12 (Mirex and ~ ‘
Dechlorane) h E S LHSM
Inorganic_§yhstanggi
Arsenic 7440382 EDHSM EDHSM MDHE DSM M EHSM
Cadmium 7440439 EDHSM EDHSM EHSMD EDSM EHS
Lead 743993] EDHSN EDHSM FHSMD EDSM EHSM
Mercury 7439976 HDHSM EDHSM EDSM EM EDHSM ESM
Selenium 7782492 HDHSM EH SM EM EHS
Zinc 7440666 HDHSN EDHSM MEHD EDSM M EHSM
*Seo individUJl compounds in Table III
(1)”
Iho suhstanvcs lislvd in Tnhlv I and Table II urv the 30 "pvrsislcnt
toxiv pollutants” of Concern identified by
thv Urout Lakes Nntvr Qualitv Hunrd in its 1076 runnrt [u Lhu Inturnationnl Joint Commission.
  
 TABLE II
CONT
AMIN
ANTS
OF C
ONCE
RN(1
) ID
ENTI
FIED
BY T
HE G
REAT
LAKE
S WA
TER
QUAL
ITY
BOAR
D IN
1977
E - Lake Erie
D — St. Clair River, Lake St. Clair
Detroit River
H — Lake Huron
S — Lake Superior
M - Lake Michigan
MEDIA AND LAKE BASIN
Chemical
Abstracts DISCHARGES BENTHOS
Reg, Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Organic Substances
Benz
ene
7143
2
EM
D
l,2-l,3—1,4—dichloro—
benz
enes
5417
31
ME
HM
95501
106467
Trich
lorob
enzen
e
87616
M
HSM
S
Tetra
chlor
obenz
ene
63466
2
EHS
S
634902
95943
Penta
chlor
obenz
ene
60893
5
EHS
S
Hexach
lorobe
nzene(
HCB)
118741
E
M
EHS
D
EHSD
EHSM
p-Bromoanisole
Chlorinated Napthalene
Methylnaphthalene 1321944 D HDS
Phenol 108952 EDHSM H SMH
Trichlorophenol 95954 M
88062
Pentachlorophenol 87865 E SM H
Tetrachlorophenol 25167833 SM M
Carbon tetrachloride 56235 E D
Chloroform 67663 EDHM D
Bromoform 75252 D
Tetrachloroethylene 127184 EM D
Chlorinated Styrenes
(Octa & Poly) - EDHS
Hexachlorobutadiene
(HCBD) 87683 E M EHS
Toluene 108883 M DM
Pentabromotoluene
2,3,7,8—Tetrachloro—
dibenzo—p—Dioxin
(TCDD) H
«BHC (l,2,3,4,5,6—
Hexachlorocyclo—
hexane) S HS SH ' M
B—BHC (Benzene Hexa—
chloride) HE E SEM HS
Polybrominated
Biphenyls 36355018 H H HS H
136544096
Chlorinated‘
Terphenyls 31372357 D
27043045
Polynuclear Aromatic
Hydrocarbons — See
Table III for
individual compounds
Inorganic Ions
Nickel 7440020 EDHSM EDHSM EDHSM EDSM EHS
Copper 7440508 EDHSM EDHSM EDHSM EDSM SMH EHS
Chromium 7440473 EDHSM EDHSM MDE EDSM MH EHSM
(1) In addition to those listed in Table l.
 ’ﬁ—l
TAB
LE
III
F
LIST
OF AD
DITIO
NAL O
RGANI
C COM
POUND
S AND
HEAVY
METAL
S IDE
NTIFI
ED IN
FOUR
GREAT
LAKES
BASIN
S
E — Lake Erie H — Lake Huron
D — St. Clair River, Lake St. Clair, S — Lake Superior
Detroit River M - Lake Michigan
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Chemical
Abstracts DISCHARGES BENTHOS
Reg. Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Organic I
6,8,11,13 Abietate—
traen—18—oic acid 514103 5
Abietic acid S
Acenaphthene 83329 . D
Acetone 67641 M DM
Acetophenone 48862 M i
Acetovanillon 498022 SM ‘
Alachlor HE
Alkyl benzene(C10Hla) 28729546 S
104518
25340174
Aniline 62933 M
Anthracene 120127 D
Arachidic acid 506309 3
Atrazine 1912249 HDE EH M
Behenic acid 112856 5
Benzanthrene 92240 M
Benzo(b)f1uoranthene H D
Benzo(j)fluoranthene E
Benzo(k)fluoranthene E H D D
1,2—Benzofluorene 238846 D
2,3—Benzof1uorene 243174 D
Benzoic acid 54850 SM
Benzo(rst)pentaphene DH
Benzo(ghi)pery1ene E DH
Benzo(a)pyrene 50328 E DH D
Benzo(e)pyrene 192972 DH
Benzothiazole 95169 M
Benzyl alcohol 100516 M
Benzylbutyl phthalate M
Biphenyl 92524 DH
Borneol 507700 S
Bromobenzene 108861 M
Bromochloroethane 25620546 M D
Bromodichloromethane 75274 DM S
Butadiene 106990 D
Butane 106978 M
tert-Butanol 75650 D '
Butene 106989 M
But—2-en—l—ol 6117915 D
Buten—3—yne 789974 D
Butylbenzyl phthalate 85687 M
t—Butyl pyrocatechol S
Butyl phthalyl
butyl glycolate ME
Caffeine 58082 M
Camphene 79925 S
Camphor 464493 EDHM
Carbofuran 153662 HE
Carbon disulphide 75150 D
Chloroaniline v 108429 M
95512 -
3 106478
- Chlorobenzene 108907 M
Chlorodehydroabeitic
acid 28243632 M
Chlorodibromomethane 124481 D ‘
bis—Z—Chloroethyl
ether 111444 0
bis—(Z—Chloro
isopropyl) ether 108601 E
Chloronorbnrnenes 15019713 HS
8
  
  
MEDIA AND LAKE BASIN
Chemical
Abs
tra
cts
DIS
CHA
RGE
S
BEN
THO
S
Reg
.
Nos
.
+SL
UDG
E
PLA
NKT
ON
Ch
lo
ro
in
do
le
16
86
39
60
M
25235852
17422321
17422332
694939
Chloro—oxo—Dehydro
ab
ie
ti
c
ac
id
38
01
20
21
M
2—(4—Ch10rophenoxy)
2-methyl propionic
ac
id
88
20
97
M
Ch
lo
ro
pr
op
en
e
59
02
16
D
Chl
oro
pro
pio
phe
non
e
608
417
9
M
736594
6285058
Chl
oro
syr
ing
ald
ehy
de
M
Chl
oro
tol
uen
e
108
418
M
95498
106434
(4—Chloro—o—toloxy)
acetic acid [MCPA] 94746
Chl
oro
ver
atr
ole
167
662
71
M
Chl
oro
xyl
ene
s
253
234
15
M
Chlorpyrifos
Chrysene 218019
Coronene 191071
Cre
sol
108
394
M
95487
106445
Cum
ene
988
28
D
Cyc
loh
exa
ne
110
827
D
Cyclopentane 287923
Cyprazine
Dec
ach
lor
obi
phe
nyl
205
124
3
D
Dec
ano
ls
174
019
8
DM
N—Decylcyclohexane
Dec
ano
ic
aci
d
334
485
M
Dehy
droa
biet
ic a
cid
1740
198
SM
Dehydrodiconiferyl
alc
oho
l
426
387
0
S
Diazinon 333415
Diaz
oben
zene
1033
33
M
Dibenz—[a,h]—
anthracene 53703
Dibenz(def,mno)
chrysene
Dibenzo(b,def)chrysene
Dibromo Chloroethane
Dibromo chloromethane 124481
Dibromoethane 25620626
Dibromomethane 74953 D
Dib
uty
lph
tha
lat
e (
DBP)
847
42
EDH
M
Dich
loro
benz
idin
e
8468
4
M
91941
Dichlorobenzophenones 5293970 M
90982
7094340
Dichlorobutane 26761819
Dichlorobutadienes 6061069 D
3574401
2984421
Dichlorobutene 11071968
Dichlorodiene resin
acids ' M
Dichlorodifluoro—
methane 75718 S
Dichloroethane 29047827 D
1,2-Dichloroethane 107062 N
1,2—Dichloroethy1ene 540590 0“
Dichloroethylene 25323302
Dichloroguaiacol 60546114 M
60546056
Dichloromcthane 75092
ﬁ——__'-
W
 
m
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Chemical
Abs
tra
cts
DIS
CHA
RGE
S
BEN
THO
S
Reg,
NOS.
WAT
ER
SED
IME
NT
AIR
+SL
UDG
E
PLA
NKT
ON
FIS
H
WIL
DLI
FE
3,6 Dichloro-Z- i
methoxybenzoic ‘8
acid (dicamba) 1918009 B Y
Dichlorophenol 25167811 M
2,4(Dichlorophenoxy) ﬂ
acetic
acid
94757
EDH
HD
g
N—(3,4—Dichloropheny1) ‘
—N,N'—diethy1urea 15545503 D S
Dichloropropane 26638197 M D 1
Dichloropropene 26952238 D
Dichloroveratrole 2772465 5
1,2—Diethoxyethane 629141 M
N,N—Diethy1 aniline 91667 M
Diethyl benzene 25340174 D
Diethyl ether 60297 M D
Diethylhexylphthalate
(DEHP
)
11781
7
EDHSM
SED
DE
HSM
Diethyl phthalate 84662 M EDHM HSM
Dihexyl adipate 110338 S
Diisobutyl phthalate 84695 M
Diisoptopyl ether 108203 M
Dimethoxy acetophenone 21160269 M
829209
1201383
2040042
1131620
3,4—Dimethoxyaceto—
phenone 1131620 S }
Dimethoxymethane 109875 H
Dimethyl adipate 627930 *
N,N—Dimethyl aniline 121697 M
Dimethyl biphenyl 28013118 M
2,5-Dimethyl decane 17312504 E
Dimethyl disulfide 624920 H M
Dimethyl naphthalene 28804888 D
Dimethyl phthalate 131113 S
Dimethyl sulfide 75183 H M
2,6—Dimethyl undecane 17301234 E
Dioctyl phthalate 117840 S S S
Dioxane 123911 M
Diphenylacetaldehyde 947911
—Monochloro derivative 905152 M
52999732
—Dichloro derivative 51559014 M
34877753
18164506
—Trichloro derivative 39249735 M
59612598
Diphenylamine 122394 *
Diphenylcumylphenyl— .
phosphate M M ' M
Diphe
nyl m
ethan
e
10181
5
*
Diphenylnonylphenyl—
phosphate M M M
Dodecanoic acid 334485 M
Dodecanol 112538 M
Endosulfan (“,8) 115297 HDE DE EHS
Epijuvabione (methyl
ester) 26462748 S
EPTC (eptan) E
Ethion . 563122 DH
2—(2—(2-Ethoxyethoxy)
ethoxy) ethanol 112505 M
N—Ethylaniline 103695 M
Ethyl benzene 100414 M M
Ethyl chloride 75003 D
Z—Ethyl—l—hexanol 104767 M
Ethyl palmitate 628977 S
Fenchyl alcohol 1632731 S
Fluorene 86737 D
Fluoranthrene 206440 E ‘ D
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Abstr
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DISCH
ARGES
BENTH
OS
2
Reg. N
os.
WATER
SEDIME
NT
AIR
+SLUDG
E
PLANKT
ON
FISH
WILDLI
FE
F1uotodichlorobromo-
methane 353582 M
Formaldehyde 50000 D
Furfural 98011 M
Guaiacol 90051 S
Heptachlorostyrenes 29086382 E
29086393
29082755
Heptadecane M
Heptadecanoic acid 506127 S SM
Heptanoic acid 111148 M
Heptene 25339564 M
Hexachlorobutene 930809 E
18766875
Hexachloroethane 67721 E D
Hexachlorostyrene 53660472 E
Hexadecane 544763 E
Hexadecanoic acid 57103 M
Hexane 110543 M
Hexanoic acid 142621 SM
Hexene M
Homovanillin 5703242 M
Hydroxybenzothiazole 13599843 M
Hydroxymethoxyaceto—
phenone 552410 M
703980
705157
703231
4—Hyrdoxy—3—methoxy
phenyl acetic acid 306081 S
4—Hydroxy—3—methoxy—
propiophenone 1835149 S
Indeno (1,2,3—cd)
pyrene E
Iodo dichloromethane 594047
Isoborneol 124765 M
Isopiramic acid 5835267 5
Laurie acid 143077 5
Leptophos D
Lignoceric acid 557595 S
Limonene 138863 S
Linoleic acid 60333 S S
Malathion 121755 E
o—Methoxyphenol 90051 S
Methoxyphenol 26638039 M
2—Methoxy—4—propy1
phenol 2785877 S
Methyl abietate 127253 M S
l—Methyl anthracene 610480 D
2—Methy1 anthracene 613127 D
9—Methyl anthracene 779022 D
Methyl arachidate 1120281 M
Methylbenzothiophene 1195148 H
Methyl—t—butyl ketone 591786 E
Methyl—2(4-chloro—
phenoxy) butanoate 94815 M
Methyl dehydroabietate 1235741 M S
Methyl dichlorophenyl
ether 54518159 M
6—Methy1—1,2—dihydro—
napthalene 2717477 D
Methyl 9,10—dihydroxy-
éteatate 1115011 S
4—Methy1—2—ethyl—l,
3—dioxolane 4359460 M
10—Methy1eicosane 55193561 E
Methylene chloride 75092 E
Methyl—Z—ethyl
hexanoate 32579810 EDM
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S
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S
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.
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.
WAT
ER
SED
IME
NT
AIR
+SL
UDG
E
PLA
NKT
ON
FIS
H
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FE
F
Meth
yl e
thyl
keto
ne
7893
3
D
§
Meth
yl i
sobu
tyl
:
ket
one
108
101
M
E
Met
hyl
iso
pim
ara
te
168
662
0
S
.
Meth
yl
7-ke
tode
hydr
o—
g
abietate 24267876 5
Meth
yl
laur
ate
1182
0
.
Meth
yl l
inoe
laid
ate
S
}
Methyl linolenate 301008 3
Methyl methacrylate 814788 M
Methyl myristate 124107 DM
Meth
yl n
eoab
ieta
te
S
2—Methyloctadecanoic
aci
d
721
783
6
8
S
Methyl 7—0xodehydro—
abietate 17751369 5
Meth
yl
palm
itat
e
1123
90
EDHM
8
Methyl pentachloro—
phenyl ether 1323214 M
Z—Methyl pentanoic
acid 97610 S
Methylphenanthrene,
1 an
d 2
2865
2815
DHS
2-Methy1 phenol 95487 S
Methyl pimarate
C21
H32
02
358
226
1
S
Methyl sandaracopi—
mara
te
3582
261
S
Meth
yl
stea
rate
1126
18
EDHM
S
Methyl tetrachloro
phenyl ether 53452816 M
Methyl tetrahydro—
furan 25265683 M
Methyl thiobenzo—
thiazole 2254946 E M
2268793
54237364
Methyl trichloro—
phenyl ether 6130752 M
Metribuzin 21087649 HDE
Monochlorodiene
resin acid M
Monochlorophenol 25167800 M
Myristic acid 544638 S S
Napht
halen
e
91203
M
D
DHS
Naptho(1,2,3,4,def)
chrysene DH
Neopentane 463821 M ,
Nona
chlo
r, t
rans
'
and c
is
37344
94
EDHSM
Non
ano
ic
aci
d
112
050
N
Nonene 27215958 M
Octachloronaphthalene 2234131 M
Octade
canoic
acid
57114
M
.
Octadecanol 112925 D
Octanoic acid 124072 M
Oleic acid 112081 S S
7-0xodehydroabietic
acid ' 18684554 3
Oxychlordane 21858413 HS SM
Palmitic acid 57103 S S S S
Palmitoleic acid 2091294 S S
Pentachlornaniline 527208 *
Pentachloroanisole 33104175 M DH S
1 1825214
Pentachlorobutadienes 5659449 E E
21400419
21484059
21484048
12
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Chemical
Abstracts DISCHARGES
Reg. Nos. WATER SEDIMENT AIR +SLUDGE FISH WILDLIFE
Pentachlorobutene 30353549 E
Pentachloroethane 76017 E
Pentachloronor—
bornene 18317936 E
21657705
32763772
32763749
18317903
18317947
PentachloroproPane 16714684 E
15104617
21700312
23153233
Pentachlorotoluene 877112 *
Pentadecanoic acid 1002842 S SM
Pentane 109660 M
3—Pentanone 966220 M
Pentene 109671 M
109682
Perylene 198550 DH D
Phenanthrene 85018 DHSM
Phenylacetic acid 103822 M
Phenylacetylene 536743 D
1—Pheny1 naphthalene 605027 D
o—Phenyl phenol 92693 M
Phenylpropionic acid 501520 M
Photomirex EHSM
Pinene, “ and B 80568 SM
Prometone HDE
Propanol 71238 D
Propylbenzene 103651 D
Propyl toluene 28729546 D
Pyrene 129000 M D
Safrole 94597 S
Salicylic acid 69727 M
Sandaracopimaric
acid 471749 S
Silvex 93721 S
Simazine 122349 HDE
B—Sitostero1 83465 S
Stearic acid 57114 S S
Styrene 100425 E D
Syringaldehyde 134963 M
Terpene HM
Terphenyl 26140603 *
C10 Terpineol 8000417 M
C15 Terpineol DM
a Terpineol 98555 SM
Terpinene 99854 5
8013001
Tetrachloroanisole 53452816 M
Tetrachloroanthracene 25283027 *
Tetrachlorobutadienes 921095 E E
1637316
18149763
Tetrachlorodiene
resin acids M
Tetrachloroethane 79345 EMD D
Tetrachloro guaiacol 2539175 M
Tetrachloropropcne 10436392 E
18611433
20589859
15022227
16500917
Tetrachlorotoluene 29733708 *
n—Tctracosnne 646311
n—Tctrudecnnu 629594 E
Totradocnnoic acid 544638 N
1ctrndvvnn01 27196005 V
Tot rzldm‘cnv
26952136
 ——
MEDIA AND LAKE BASIN 1
Chemical
Abstracts DISCHARGES BENTHOS
Reg. Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Tetrahydrofuran 109999 EM
Tetrahydropyran 142887 M
Tetrathiohexane 58510137 M
Trans—stilbene oxide 525064 M
Tribromoanisole S
Trichloroaniline 54686918 M
Trichloroanisole 87401 M
Trichlorodimethoxy—
phenol M
Trichlorodiene resin
acids M
Trichloroethane 71556 M
79005
Trichloroethylene 79016 EM 0
Trichlorofluoromethane 75694 ME
Trichloroguaiacol 26378187 SM
(2,4,5—Trich10ro—
phenoxy) acetic acid EDH HD
Trichloropropane 25735299 D
Trichlorotrifluoro
ethane 359295 M
3,4,5-Trichlorovera—
trole 16766293 3
Trifluralin 1582098
Trimethyl bicyclo
3.1.1 heptene 34389781 8
80568
Trimethylisocyanurate 877894 M
Triphenyl phosphate M M M
Trithiapentane 34202589 M
Vanillin 121335 N
Vanilone 579237 S
Vinyl bromide 593602 0
Vinyl chloride 75014 D
Xylenes 1330207 ME DM
Zytron 299854 D
ﬂggyx Metals
Cobal t 74404 84 ICSM EHSN E M HS
Silver 7440224 EDHSM SM M HS
Strontium 7440246 M HHS M HS
Vanadium 7440622 M HSM M M HS
 
*Sample identified only as "Great Lakes Iish”
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exam
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ent
exi
sti
ng
lon
g t
erm
Can
adi
an
and
U.S
. e
nvi
ron
men
tal
pro
gra
ms
in
the
Lake
Erie
Basi
n.
With
in t
he r
epor
t,
the
spon
sori
ng a
genc
ies
are
lis
ted
, t
he
pro
gra
m o
bje
cti
ves
are
des
cri
bed
, a
nd
inf
orm
ati
on
is
giv
en
on p
aram
eter
s me
asur
ed,
samp
ling
freq
uenc
y,
and
the
avai
labi
lity
of d
ata
from
the
prog
rams
.
The
resu
lts
of m
any
of t
he a
bove
prog
rams
are
gene
rall
y
repo
rted
with
in t
he a
nnua
l re
port
s of
the
Surv
eill
ance
Subc
ommi
ttee
of t
he
IJC
's
Gre
at
Lak
es
Wat
er
Qua
lit
y B
oar
d.
Als
o i
nfo
rma
tio
n o
n p
oin
t s
our
ce
dis
cha
rge
s i
s c
ont
ain
ed
wit
hin
the
ann
ual
rep
ort
s o
f t
he
Boa
rd'
s R
eme
dia
l
Pro
gra
ms
Sub
com
mit
tee
.
Cop
ies
of
the
Sub
com
mit
tee
s'
rep
ort
s a
re
ava
ila
ble
from the IJC Regional Office, Windsor, Ontario.
Ther
e ar
e ot
her
repo
rts
whic
h co
ntai
n si
gnif
ican
t am
ount
s of
data
on t
he
Lake
Erie
Basi
n.
Thes
e re
port
s,
for
exam
ple,
incl
ude:
the
Repo
rt t
o th
e
IJC on the Pollution of Lake Erie (2); the Proceedings of a Conference in
the Matter of Pollution of the Navigable Waters of the Detroit River and
Lake Erie and Their Tributaries in the State of Michigan (3). Although
thes
e re
port
s co
ntai
n so
me i
nfor
mati
on o
n or
gani
c co
ntam
inan
ts
and
heav
y
met
als
, d
ata
on
nut
rie
nt
lev
els
and
the
eff
ect
s o
f e
utr
oph
ica
tio
n a
re
prim
aril
y em
phas
ized
.
Subs
eque
nt t
o th
e di
scov
ery
of m
ercu
ry d
isch
arge
s
to t
he S
t. C
lair
Rive
r sy
stem
in 1
970,
deta
iled
stud
ies
were
init
iate
d to
.inv
esti
gate
the
occu
renc
e of
merc
ury
and
othe
r he
avy
meta
ls
in L
ake
Erie
fis
h,
sed
ime
nts
and
wat
er.
Als
o,
in
the
ear
ly
197
0's
, i
nve
sti
gat
ion
s
wer
e i
nit
iat
ed
to
det
erm
ine
the
dis
tri
but
ion
wit
hin
the
aqu
ati
c e
cos
yst
em
of
pes
tic
ide
s a
nd
chl
ori
nat
ed
hyd
roc
arb
ons
suc
h a
s P
CBs
.
Mos
t o
f t
he
inf
orm
ati
on
wit
hin
thi
s r
epo
rt
is
the
ref
ore
obt
ain
ed
fro
m t
he
pub
lis
hed
and unpublished data from investigations initiated after 1970. An
inte
nsiv
e ne
arsh
ore
surv
eill
ance
prog
ram
of t
he U
.S.
shor
elin
e wa
s
init
iate
d in
1978
, ho
weve
r th
e de
tail
s an
d th
e in
terp
reta
tion
of t
he d
ata
will not be published until 1979.
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1.1 DATA ON WATER QUALITY IN THE LAKE ERIE BASIN
Tab
le
1.1
—1
rev
iew
s t
he
hea
vy
met
al
con
cen
tra
tio
ns
fou
nd
in
the
ope
n
wate
rs a
nd t
he n
ears
hore
area
s of
Lake
Erie
(ref
eren
ces
4—9)
. Th
e
ave
rag
e d
ist
rib
uti
on
of
tot
al
mer
cur
y i
n t
he
bot
tom
and
sur
fac
e w
ate
rs
found in Lake Erie during 1970—71 is Shown in Fig. 1.1—1 and 1.1—2 (4).
The
ave
rag
e t
ota
l m
erc
ury
con
cen
tra
tio
n o
f 0
.17
ppb
in
Lak
e E
rie
was
simi
lar
to v
alue
s of
0.17
ppb
and
0.18
ppb
obse
rved
for
lake
s Hu
ron
and Superior respectively (4). The investigators found that the
waters of the Western Basin had higher levels of mercurv. In 1978,
the Pollution from Land Use Activities Reference Group (9) reported
concentrations of several trace elements in the open waters of Lake
Erie which are shown in Table 1.1-1.
Nearshore studies of heavy metal concentrations were particularly
emphasized in Port Colborne (Table 1.1—1 and Ashtabula Harbor (Tables
1.1—2 and 1.1-4). The ranges of heavy metal concentrations in tribu—
taries to Lake Erie shown in Table 1.1—5 were obtained from the
Michigan Department of Natural Resources (8). The averaged heavy
metal concentrations in the Grand River and the Maumee River (Table
1.1—5) were obtained from the summaries of watershed studies sponsored
by the Pollution from Land Use Activities Reference Group (10, 11).
Detailed reports on the watershed studies will be available in late
1978.
Generally, concentrations of chlorinated pesticides and PCBs in the
waters of Lake Erie and most of its tributaries have been below
detection limits, as illustrated in Tables 1.1-3, 1.1—6 and 1.1—7
(references 6, 8, 15, 16, 17). In 1972 however, Glooschenko, Strachan
and Sampson reported an average of 0.027 ppb PCBS in the surface
waters of Lake Erie (12). Also, a 1973 study of the Cuyahoga River
indicated Aroclor 1254 concentrations between .04 ppb and 0.59 ppb
[Table 1.1—8 (reference 13)].
In the past few years, efforts have intensified to identify and quanti-
fy compounds, in addition to pesticides and PCBS, which may be present
in Lake Erie waters. In an attempt to identify the components of
chloroform extracts from Lake Erie waLers, Strachan (14) identified
phthalate esters in concentrations from 0.7 - 6 ppb, in addition to
various quantities of fatty acids and hydrocarbons (Table 1.1-6).
Analyses of various U.S. water supply systems located in the Lake Erie
Basin, have shown the presence of phthalate esters, (8, 18) chlorinated
methanes and benzene compounds (17, 18, 19) and a variety of other
compounds (Tables 1.1-6, 1.1-7 and 1.1-9). Recently Fox (20), reported
pentachlorophenol levels in Lake Erie from < 5 ppt to 1.7 ppb. Further—
more, the EPA study to identify previously unrecognized pollutants
(18) revealed a large number of organic compounds at ppb levels in
tributaries to Lake Erie (Table 1.1-7).
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 In
19
78
th
e
re
su
lt
s
of
a
st
ud
y
to
de
te
rm
in
e
PA
H
le
ve
ls
in
se
le
ct
ed
U.
S.
dr
in
ki
ng
wa
te
rs
an
d
th
ei
r
ra
w
wa
te
r
so
ur
ce
s,
we
re
pu
bl
is
he
d
(1
64
).
Ta
bl
e
1.
1—
10
sh
ow
s
th
e
va
lu
es
wh
ic
h
we
re
ob
se
rv
ed
in
th
e
ra
w
wa
te
r
so
ur
ce
(L
ak
e
Er
ie
)
an
d
in
th
e
dr
in
ki
ng
wa
te
r
of
Bu
ff
al
o,
Ne
w
Yor
k.
For
the
pur
pos
es
of
com
par
iso
n,
the
tab
le
als
o
giv
es
the
obs
erv
ed
con
cen
tra
tio
ns
of
PAH
s
at
the
Syr
acu
se
Wat
er
Sys
tem
(un
-
con
tam
ina
ted
wat
er
sou
rce
— L
ake
Ska
nea
tel
es)
in
New
Yor
k
and
at
Pit
tsb
urg
, P
enn
syl
van
ia
whe
re
the
wat
er
sou
rce
— t
he
Mon
ong
ahe
la
Riv
er
— i
s c
ont
ami
nat
ed
wit
h c
oke
ove
n e
ffl
uen
t.
Str
eam
wat
ers
lea
vin
g e
lev
en
agr
icu
ltu
ral
wat
ers
hed
s
in
Sou
the
rn
Ont
ari
o w
ere
ana
lyz
ed
for
a v
ari
ety
of
pes
tic
ide
dur
ing
a P
LUA
RG
Tas
k
C
stu
dy
(17
0).
Thr
ee
of
the
11
maj
or
wat
ers
hed
s
wer
e
loc
ate
d
in
the
Lak
e
Eri
e
Bas
in
(Ta
ble
1.1
-11
).
Tab
les
1.1
-12
to
1.1
—21
sho
w t
he
res
ult
s o
f a
nal
yse
s f
or
pes
tic
ide
s i
n t
he
Lak
e E
rie
wat
ers
hed
s w
hic
h a
re
ide
nti
fie
d a
s A
G—Z
(Bi
g C
ree
k),
AG—
4
(Gr
and
Riv
er)
and
AG—
l3
(Hi
llm
an
Cre
ek)
.
The
fre
que
nci
es
of
occ
urr
enc
e
of
pes
tic
ide
s i
n a
ll
11
wat
ers
hed
s a
re
sum
mar
ize
d
in
Tab
le
1.1
—22
.
Ano
the
r P
LUA
RG
stu
dy
(17
1)
eva
lua
ted
the
con
cen
tra
tio
ns
of
var
iou
s
org
ano
chl
ori
ne
com
pou
nds
in
the
wat
ers
of
the
Gra
nd
Riv
er.
The
co
nc
en
tr
at
io
ns
ar
e
sh
ow
n
in
Ta
bl
e
1.
1—
23
.
Table 1.1—24 shows the concentrations of Freon 11, Freon 12,
carbon tetrachloride and trichlorethylene whichwere detected in
the open waters of Lake Erie (175). Distribution profiles of the
compounds in Lake Erie waters will be published by the investigator
at a later date.
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TABLE 1.1-1
HEAVY METALS IN LAKE ERIE WATERS
SAMPLING STATION
AND DATE
Lake Erie 1970—71
Western Lake Erie
— 6 locations, 1973—75
filtered water
unfiltered water
Astabula Harbor — 1973
Port Colborne
- discharge area of
Algoma & Inco effluents
August 1973
— Nickel Beach Area
— Welland Canal
City of Monroe WTP
Water Intake — Lake Erie
1973—77
Open waters 1976—77
(a)
"total"
unless
otherwise
specified
(b) "dissolved" metal concentration
HEAVY METALS INFORMATION
AND CONCENTRATIONS (pg/L) SOURCE
Hg 0.17 i 0.11 ppb
(0—0.4) 4
(See Distribution - Figure 1.1—1)
Se 1—6 5
Se 9—48
See Tables 1.1—2, 1.1—4 6
Cu 11—17
Pb 11—33
Co 7—8 7
Fe 150—180
Ni 140—320
Cu 4—20
Pb 6—38
Co 4—15 7
Fe 30—450
Ni 4—840
Cu 6—17 ;
Pb 6
Co 4-5 7
Fe 70—100
Ni 5—10
Ni <5-14 Cu 3-45(b)
Hg <.1-.8 Ag <1—2
Pb <l—8 Se <2 8
Zn 11—24 As <1—.%a)
Cd <.l—.2 Cr <l—2
Hg 59.5 Cu 1.0—2.5
Pb :1—3 Zn 2.0—9.0 9
Cd <.2 As 0 3—0.6
18 .
  
   
Hg uq/i
D<01
[:3 01-02
- 02703
Fig 1-1-1 The average distribution of total mercury in the surface waters of Lake Erie (1970-1971).
Dots represent sampling stations.
 
Fig 1.1-2 The average distribution of total mercury in the bottom waters of Lake Erie (1970-1971).
Dots represent sampling stations.
  
 TABLE 1.1—2
METAL CONCENTRATIONS DETERMINED IN THE 1973
"WATER POLLUTION INVESTIGATION: ASHTABULA HARBOR” (6)
          
 
       
STATION LOCATION
l Ashtabula River —— Above the 24th St . Bridge
2 Fields Brook —— 15th St. Bridge
3 Ashtabula River —— 5th St . Bridge
4 Ashtabula River Mouth
5 Mid Harbor
6 1/4 Mile outside breakwater light on Lake Erie
7 l/8 Mile N. of Pinney Dock (Harbor)
8 Harbor Entrance
PARAMETER/STATION 1 2 3 a 5 e 7 1
DATE 13 SEPT 73 1
ARSENIC “9/1 < 10 <10 <10 < 10 <10 <10 <10
BARIUM mg: 1.5 2.5 2.0 1.5 1.5 1.0 1.0
CADMIUM 119/1 1.0 1.0 0.6 0.6 < 0.3 < 0.3 < 0.3
cnnomum “911 < 5 < 5 < 5 < s < 5 < 5 < 5
COPPER [19/2 6 10 8 8 8 8 a .
IRON “w 360 140 260 240 280 20 7o
MERCURY “3/1 4 0.3 1.3 4 0.3 < 0.3 < 0.3 < 0.5 < 0.5 l
NmKEL pg: < 5 5 <5 <5 <5 <5 ' <5 I
LEAD [49/1 4 < 3 4 4 < 3 < 3 < 3
SELENIUM 119/1 < 5 <5 < 5 <5 <5 <5 <5
TWAMUM mgl <1 <1 <1 <1 <1 <1 <1 I
zmc “all 12 22 10 10 3 22 16 ‘
PARAMETER/STATION 1 2 3 4 5 a 7
DATE 10 SEPT 73
ARSENIC p911 < 10 <10 <10 <10 <10 <10 <10
BARIUM rug/z < 1.0 3.5 2.0 1.0 1.5 1.0 1.0
CADMIUM ma < 0.3 0.5 0.5 0.5 < 0.3 < 0.3 < 0.3
CHROMIUM “m < 5 < 5 < 5 < 5 < s < 5 < 5
COPPER pm 10 1o 9 a 9 8 8
mom W! 360 110 180 30 90 30 60
MERCURY u 9/1 4.3 1.3 < 0.3 0.4 < 0.3 < 0.3 < 0.3 1.
NICKEL #90 < 5 <5 <5 <5 <5 <5 <5
LEAD pm <3 <3 <3 <3 <3 <3 <3
SELENIUM #911 < 5 < 5 < 5 < s < 5 < 5 < 5
TITANIUM mg/l < ‘I <1 <1 <1 <1 <1 < 1
zmc my; 6 1o 9 7 5 5 7
20 ‘_
LL. 
TABLE 1.1—2 CONT'D
           
PARAMETER// STATION 1 2 3 4 5 a 7 8
DATE 5 SEPT 73
ARSENIC “9/1 (10 < 10 <10 <10 <10 <10 <10 <10
BARIUM mg/I 1.4 2.9 2.1 1.1 1.5 1.1 1.0 1.1
CADMIUM gal! 10 2.5 1.0 0.3 0.3 0.3 0.3 0.3
CHROMIUM 119/1 < 5 <5 (5 <5 <5 <5 <5 <5
COPPER 119/1 6 10 8 9 7 7 8 8
IRON ' 119/! 260 250 60 60 80 30 - 120 40
MERCURY
‘ug/j
0.6
1.4
0.6
0.6
1.2
4.8
0.9
1.4
NICKEL
[19/1
5
15
<5
<5
<5
<5
<5
(5
LEAD ug/l 5 5 5 3 < 3 (3 < 3 5
SELENIUM pg/l <5 <5 <5 <5 <5 <5 <5 < 5
TITANIUM mg/l (1.0 (1.0 (1.0 (1.0 (1.0 (1.0 (1.0 (1.0 .
ZINC pg]! 16 13 17 15 12 22 12 22
TABLE 1.1-3
ASHTABULA HARBOR " CHLORINATED PESTICIDES AND
POLYCHLORINATED BIPHENYLS IN WATER
      
PARAMETER/STATION 2 5 6
DATE 5 SEPT 73 I
04.ch 119/! < 0.01 < 0.01 < 0.01
LINDANE 119/1 < 0.01 < 0.01 < 0.01
HEPTACHLOR “9/1 < 0.01 < 0.01 < 0.01
ALDRIN 119/1 < 0.01 < 0.01 < 0.01
KELTHANE 119/1 < 0.01 < 0.01 < 0.01
HEPTACHLOR EPOXIDE “9/: < 0.01 < 0.01 < 0.01
KCHLORDANE “9/1 < 0.01 < 0.01 <, 0.01
ENOOSULFAN 1 “9/: < 0.01 < 0.01 < 0.01
whom: 119/: < 0.01 < 0.01 < 0.01
DIELDRIN “9/1 < 0.01 < 0.01 < 0.01
ENDRIN 99/! < 0.01 < 0.01 < 0.01
o,p'-DDT “9/; < 0.01 < 0.01 < 0.01
ENDOSULFAN 11 113/! < 0.01 < 0.01 < 0.01
p,p'~DDD “w < 0.01 < 0.01 < 0.01
,p,'-DDT #911 < 0.01 < 0.01 < 0.01
METHOXYCHLOR PM < 0.01 < 0.01 < 0.01
PCB's 119/; < 0.1 < 0.1 < 0.1
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TAB
LE
1.1
-5
HEAVY METAL CONCENTRATI
ONS IN WATERS OF TRIBU
TARIES T0 LAKE ERIE
<ug/2)a
No.
Information
Date Stations
Samples As Cd
Cr Co Cu
Pb Hg Mo
Ni Se Ag
V Zn Source
1973-77 Huron River
7 1—2 .2—2
4-9
(b)
Superior TWP.
3—28 <.2—.5 22 <2 <l—2 9—30 8
1970-77 Huron River 12 l <.l—.3 4-11 6—10 4—14 <.l—3.l 11—46 <2 <1 48—250 8
Flat Rock WTP
(intake)
1973-77 Huron River 5 2—3(b)
(near mouth)
Berlin TWP
.3—2
4—8 2—33 <.2—.
4 24
<2 <1—2
26—36 8
(b)
(b) (b)
8
1973—77 River Raisin 10 <l—3
City of Dundee
WTP
<.l—4 6—16
4—220 <1—24 <.1—9
.0 21—29
<2 <1—2
6—550
2
3
(b)
(b)
8
1973-77 River Raisin 7 2—3 .2—2 14—16 <l—3l <.2 22—24 <2 41—4 20—30
(near
mouth
)
. (c)
.
1976 Grand River 10 5 32 10
Watershed outlet
1975—77 Maumee River Basin 11 3 10 3 20 82 21 11
Streamwater Background
Groundwater
9
98
80 250
94
954
(a) "total" unless oth
erwise specified
(b)
disso
lved
fract
ion
(c) flow weighted mean
concentrations
  
TABLE 1.1-6
ORGANIC CONTAMINANTS DETECTED
IN LAKE ERIE WATERS
SAMPLING STATION ORGANIC CONTAMINANTS INFORMATION
AND DATE AND CONCENTRATIONS (Hg/L) SOURCE
Lakewide mean - 1972 PCBs 0.027 12
Presque Isle Bay DDT <.O4
and 2 stations in Lindane <.002
immediate Vicinity Aldrin <.004 15
04/72-12/72 Dieldrin <.006
(27 sampling periods) Heptachlor <.OO4
Lakewide — 1973 Phthalate esters .7—6
Fatty acids .2—3 14
Hydrocarbons .3—4
Astabula Harbor Chlorinated pesticides 6
and PCBs (See Table 1.1—3)
Erie, PA
PCB
<.02
16
09/74
10/75
City of Monroe WTP DEHP (Ol/76) 2.6
1975-76 Not detected: DBP,
toxaphene, chlordane, 8
2,4—D, silvex, endrin,
heptachlor, lindane,
methoxychlor, PCBs
Erie, PA Chloroform 18
Water Supply - 1976
Dibromochloromethane
10
17
Methylene chloride 1.8
(Also See Table 1.1—9)
Buffalo, N. Y.
Benzene
1
Lake Erie Butyl Phthalyl Butyl
06/76
Glycolate
2
Dichloromethane 5 18
Methyl—Z—Ethyl Hexanoate trace
Methyl Palmitate 2
24
 
TABLE 1.1-6 CONT'D
ORGANIC CONTAMINANTS DETECTED
IN LAKE ERIE WATERS
 
SA
MP
LI
NG
ST
AT
IO
N
OR
GA
NI
C
CO
NT
AM
IN
AN
TS
IN
FO
RM
AT
IO
N
AN
D
DA
TE
AN
D
CO
NC
EN
TR
AT
IO
NS
(H
g/
L)
SO
UR
CE
Ci
ty
of
Cl
ev
el
an
d
m—
xy
le
ne
Wa
te
r
Su
pp
ly
—
19
77
o—
xy
le
ne
(no concentrations p-xylene
det
erm
ine
d)
m—d
ich
lor
obe
nze
ne
19
p—dichlorobenzene
2,5—dimethyldecane
2,6-dimethylundecane
n—tetradecane
n—hexadecane
n—decylcyclohexane
lO—methyleicosane
styrene
bis—(Z-chloroisopropyl) ether
Lak
e
Eri
e
— M
out
h
Pen
tac
hlo
rop
hen
ol
1.7
20
Detroit River — 1977
Po
in
t
Pe
le
e
—
19
77
Pe
nt
ac
hl
or
op
he
no
l
<.
00
5
Mou
th
— G
ran
d R
ive
r
—
197
7
Pen
tac
hlo
rop
hen
ol
.06
7
We
st
er
n
Ba
si
n
—
19
77
Pe
nt
ac
hl
or
op
he
no
l
.00
5
Eastern and
Central Basin — 1977—78 Trichlorofluoromethane (Freon 11) 175
Dichlorodifluoromethane (Freon 12)
Carbon Tetrachloride
Trichloroethylene
(See Table 1.1—24 for concentrations)
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TABLE 1.1—7
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SAM
PLI
NG
STA
TIO
N
ORG
ANI
C C
OMP
OUN
DS
(Hg/
L)
INF
ORM
ATI
ON
AND
DAT
E
AND
CON
CEN
TRA
TIO
NS
SOU
RCE
, (a)
Flelds Brook, Camphor (IS) - 18
Ashtabula, Oth, 1976 chloroform 9
C H Cl , X > 4, z > 5 6
x y z —— —~
C H Cl , x > 4, z > 5 7
x y z —— —~
C H Cl , x > 4, z > 5 99
x y z —‘ -—
C H Cl , x > 4, z > 5 100
x y z —- -—
C
H
Cl
,
x
>
4,
z
>
5
14
x y z —» ——
C H Cl , x > 4, z > 5 3
x y 2 ~— ~—
C H Cl , x > 4, z > 5 13
x y 2 ~— -—
Dichlorobenzene 2
l, 2—Dichloroethane 4
Diethyl Hexyl Phthalate 2
Hexachlorobenzene 4
Hexachlorobutadiene 22
Hexachlorobutene 21
Hexachloroethane 3
Methyl—2-Ethyl Hexanoate (ISNa) —
Methyl Palmitate 3
Methyl Stearate 2
Methyl—t—Butyl Ketone l
Pentachlorobutadiene 38
Pentachlorobutene 64
Pentachloroethane 2
Tetrachlorobutadiene ll
Tetrachloroethane 44
l, l, 2, 2—Tetrachloroethane l
Tetrachloroethylene 45
Tetrahydrofuran 318
Trichloroethylene 188
 
 
 TABLE 1.1—8
RESULTS ' CUYAHOGA RIVER PCB STUDY*
CUYAHOGA RIVER PCB LOADING
(Distance from
 
SAMPLE Lake Erie) Aroclor 1254 FLOW Aroclor 1254
DATE MILE POINT Ng/Liter MGD Gms/Day
5/2/73 11.9 105 860 342
5/2/73 21.5 86 730 237
5/2/73 37.1 55 547 116
5/2/73 39.7 129 522 255
5/2/73 44.6 325 502 613
5/2/73 46.9 51 470 \ 90
5/2/73 51.7 589 438 976
5/2/73 59.0 51 395 76
5/2/73 65.1 39 364 53
5/2/73 76.9 61 301 69
PCB TRIBUTARY LOADINGS T0 CUYAHOGA RIVER
SAMPLE MILE Aroclor 1254 FLOW Aroclor 1254
SAMPLE POINT DATE POINT Ng/Liter MGD Gms/Day
Big Creek 5/17/73 7.2 238 16 15
Mill Creek 5/17/73 11.7 187 19 13
Tinkers Creek 5/17/73 17.2 482 78 141
Brandywine Creek 5/17/73 25.2 180 18 12
Furnace Run 5/16/73 34.5 48 12 2
Mud Brook 5/16/73 41.7 ' 86 15 5
Little Cuyahoga 5/16/73 44.2 140 89 47
Breakneck Creek 5/16/73 58.8 57 76 16
*CUYAHOCA
Region V,
1973.
MAJOR PCB POINT SOURCE IDENTIFICATION
IN CUYAHOGA RIVER
Z OF TOTAL PCB LOADING
SOURCE T0 CUYAHOGA RIVER
,,12
Southerly Sewage Treatment Plant 55
Republic Steel 28.2
Combined sewer overflow #168—L-CR 10
Harshaw
N
RIVER POLYCHLORINATED BIPHENYLS STUDY 1973, A.S. Gedeon, U.S. EPA,
Surveillance and Analysis Division, Ohio District Office.
December
28 v.
u»
«
u
.
 
NATIONAL ORGANIC MONITORING SURVEY (17)
TABLE 1.1-9
Finished Water Analyses Data, Phase One
City: Erie, Pennsylvania
March 1, thru April 3L 1976
Par
ame
ter
Ug/
Q
Det
ect
ion
Lim
it
(pg/
R)
car
bon
tet
rac
hlo
rid
e
ND
2
chl
oro
for
m
18
l,2—
dich
loro
etha
ne
ND
2
dib
rom
och
lor
ome
tha
ne
lO
bromoform ND 3
benz
ene
ND
2
p—dichlorobenzene ND 1
methylene chloride 1.8
1,2,4—trichlorobenzene ND 1
bis (2—chloroethyl) ether ND 5
l,l,2—trichloroethylene ND 3
2,4-dichlorophenol ND .01
fluoranthene ND .01
11,12—benzfluoranthene A
3,4—benzfluoranthene ND .03
1,12—benzperylene ND .05
3,4—benzpyrene ND .03
indeno (1,2,3—cd) pyrene ND .05
bromodichloromethane ND 2
polychlorinated biphenyls (PCBs) ND .12
ND .01
pentachlorophenol
ND — not detected
A _ Analysis not attempted
29
 TABLE 1.1—10
RESULTS OF ANALYSES FOR PAHS IN
RAW AND FINISHED WATERS AT 3 LOCATIONS
LOCATION — SAMPLE
PAH conc. ng/L Buffalo, N.Y Syracuse, N.Y.* Pittsburgh, Pa*
raw finished raw finished raw finished
Fluoranthene
ND
ND
ND
407
ND
1
Benzo(j)fluoranthene
ND
ND
ND
35.7
0.3
1
Benzo(k)fluoranthene
0.6
ND
0.4
19.1
0.2
Benzo(a)pyrene
0.3
0.2
0.3
42.1
0.4
‘
Indeno(l,2,3—cd)pyrene
ND
ND
ND
60.4
1.2
Benzo(ghi)perylene
3.8
0.7
0.4
34.4
0.7
        
(1) Treatment consists of: coagulation, activated carbon addition, chlorination, and
fluoridation.
(2) Treatment consists of:
copper sulfate addition, chlorination. and fluoridation.
(3) Treatment consists of:
lime, ferric sulfate addition, activated carbon addition,
chlorination and fluoridation.
*Not in Lake Erie Basin. Results included for purposes of comparison.
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Ta
bl
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Size of Major and
Minor Watersheds
PLU
ARG
Tas
k C
Stu
dy
- P
est
ici
des
in
Str
eam
wat
ers
Great
Lakes
Major Watershed
Size (km?)Na
me
AG—
Minor watershed
Name
Size(km2)
Distance a/
from Lake
(km)
Lake Huron
Lake St. Clair
Lake Erie
Lake Ontario
Ausable River
Maitland River
Saugeen River
Thames River
Big Creek
Grand River
Hillman Creek
Humber
River
Shelter Valley Creek
TWenty Mile Creek
1562
2686
3972
58
82
742
6
6
7
1
16
2
31
7
9
w
280
1
4
13
ll
10
Little Au
sable Riv
er
Trib. of Upper
Maitla
nd Riv
er
Mill
Creek
Big Creek
Holida
y Cree
k
Venison Creek
Canagagig
ue Creek
Hilbnan Creek
Salt Creek
Shelt
er Va
lley
Creek
North Creek
62
55
us
5
1
30
7
9
19
20
2
M
5
7
30
12
1
110
3
6
.
7
1
6
.
7
253
19
.6
21H
7.H
3H.9
7.7
26
.5
a/
Distance from flo
w gauging station
and water samplin
g site to river m
outh
  
Table 1. 1-12
The frequency and concentration of ZDDT found in stream water
between May 1975 and April 1977 in 11 agricultural watersheds
[DDT — Frequency
and Content
in Stream Water
(ng/L)
 
Watershed Period Analysis Not Trace Low Medlum ngh Mean Range SD
May—Apr. (#) Det. (0.14— (1.0— (11-100) (100+)
(<0.9) 0.9) 10.0)
AG—l 1975—76 61 5 O 142 1M 0 6.7 NIB—39 1'4.
1976—77 58 L 2 L79 3 0 3.1 ND—lu 7.3
AG—Z 1975—76 29 1 O 21 5 2 21. ND—3u7 139.
1976—77 39 1 2 21 8 2 17. DID—158 76.
AG—3 1975—76 52 S 1 39 7 O 3.9 ND—NS 17.
1976-77 57 u 5 M3 14 1 7.1 ND-11U 3h.
AG—lé 1975—76 314 5 O 26 3 0 3.8 ND-114 8.2
1976-77 U3 2 3 33 5 0 8.5 ND—97 29.
AG—S 1975-76 55 l4 0 us 5 O LLO ND—17 7.7
1976—77 56 u 5 38 8 1 11. N'D—261 72.
AG~6 1975—76 58 3 1 145 9 O 5.3 ND—SS 16.
1976—77 141 3 3 29 8 0 L4 5 ND—23 11.
AG—7 1975—76 28 2 0 20 S 1 10. ND—l20 95.
1976—77 19 1 2 l3 3 0 3.5 ND-l3 8.7
AG—lO 1975—76 2'4 2 O 21 l 0 3.9 ND—13 6.“
1976—77 37 2 1 28 5 1 8.9 ND—126 L42.
AG—11
1975-76
18
0
0
15
3
0
5.6
1.0—17
9.2
1978—77
5
O
l
3
l
O
9.7
0.7—12
12.
AG-l3
1975—76
62
2
0
M8
12
0
7.9
ND—59
17.
1976-77
87
5
7
61
12
2
9.6
ND—211
5U.
AG—lu
1975—76
‘48
6
0
35
7
0
5.3
ND—27
12.
1976—77
143
H
1
31
7
O
14.9
ND—2LJ
11.
TOTAL:
1975—76
LH39
35
2
358
71
3
6.7
ND—3147
38.
1976—77
L#80
3O
32
399
62
7
7.7
ND—211
15.
GRAND TOTAL: 1975-77
9M9
65
3’4
707
133
10
7.1
ND—3U7
28.
32
 
 Table 1.1—13 The frequency and concentration of dieldrin in water collected
from 11 agricultural watersheds between May 1975 and April 1977
Frequency and (bntent in Stream Water (mg/L)
 
Not Trace Low Medium High Mean Range SD
Watershed Period Analysis Det. (0.9— (1.0— (ll—100) (100+)
May—Apr. (#) «0.9) 0.9) 10.0)
AG—l 197 5—76 61 91 10 8 2 0 1.5 ND—32 11.
1976—77 59 M3 L1 7 0 0 0.5 ND—Lé 1.8
AG—2 1975—76 29 19 3 6 1 0 2.7 ND—63 23.
1976—77 311 29 1 1+ 0 0 0.5 ND—5 1 9
AG—3 1975-76 52 L19 2 1 0 0 <0.” ND—Ll -
1976—77 61 59 2 0 0 0 «0.11 ND—0.9 -—
AG~L¢ 1975—76 30 3‘4 0 0 0 0 (0.14 ND —
1976—77 43 L12 1 0 0 0 (0.11 ND—0.9 —
AF—S 1975—76 55 A9 2 H 0 0 <o.u ND—l. —
1976—77 56 51+ 0 2 0 0 <0.11 ND—5 —
AG—6 1975—76 58 SM 2 2 0 0 (0.9 ND—u —
1976—77 H1 39 0 2 0 0 <0.U ND—Ll —
AG—7 1975—76 28 211 1 3 0 0 0.6 ND—9 3 14
1976—77 19 18 0 1 0 0 40.14 ND—l. -
AG—lO
1975—
76
214
22
2
0
0
0
40.14
ND—0.
9
—
1976—77 37 311 1 0 2 0 2.7 ND-82 27.
AG—ll 1975—76 18 1 0 0 0 0 40.” ND —-
1976—77 5 5 0 0 0 0 <0.1% ND -
AG—13 1975—76 62 16 3 28 11+ 1 8.0 ND-120 31
1976—77 87 18 2 143 2M 0 6.8 N'D—33 1L1
AG—lu 1975—78 14.8 us 2 1 0 0 (0.14 ND—l. —
1978—77 143 L11 1 1 0 0 <0.u . —1. -
TOTAL 1975—78 L169 371 27 53 17 1 1.6 ND—120 1‘4
1976—77 L180 382 12 60 26 0 1.7 ND—82 11
GRAND TOTAL:1975—77 9149 753 39 113 43 1 1.6 ND—120 12
Table 1.1-14 Frequency 8 concentration of chlordane and hep‘cachlor epoxide in water collected
from 11 agricultural. watersheds between May 1975 and April 1977
Frequency 8 concentration in Stream Water (mg/L)
Watershed Period Analysis Not Trace Low Medium High Mean Range SD
May—Apr. (#) Det. ((0.9) (1.0—10) (ll-100) (100+)
Chlordane
AG—l 1975—77 115 11H 0 l 0 0 <0.’4 ND~L4 —
AG—2 " 63 62 0 1 0 O 40.14 ND—M —
AG—3 " 113 111 0 l 1 0 40.11 ND—ll —
AG-H " 77 76 0 1 0 0 40.14 N'D—u —
AG—S " 111 107 0 3 l 0 40.1% ND—u7 9 0
AG—G " 99 98 0 l 0 0 <0.L+ ND-u —
AG—7 ” u7 147 0 O O 0 ND ND —
AG-lO " 61 60 0 1 0 0 40.9 ND—u —
AG—ll " 23 23 0 0 0 0 ND ND —
AG—13 " 199 196 0 3 0 0 <0.” ND-10 -
AG—lu " 91 90 0 1 0 0 <0.4 ND—u —
TOTAL 1975-77 9169 939 0 l3 2 0 c0 L1 ND—u7 —
Hegtachlor Eaxide
AG-l 1975—77 115 108 3 14 0 0 <0.“ ND—2 —
AG—2 " 63 59 2 l l 0 40.9 ND-23 —
AG—3 " 113 111 2 0 0 0 40A ND—0.7 —
AG—u " 77 77 o o 0 0 ND ND ~
AG—S ' " 111 107 0 3 l 0 (0.14 ND—15 —
AG-B " 99 99 0 0 0 0 ND ND -—
AG_7
n
“7
L17
0
0
O
0
ND
ND
*
AG—lO " 61 59 1 1 0 0 40.11 ND—2 -
AG-ll " 23 22 0 1 0 0 <0.“ ND-l -
AG—13 1975—76 62 55 0 3 3 l 7.6 ND—370 9'4
1976-77 87 57 1 20 9 0 2.9 ND-25 12
AG—le 1975—77 91 91 0 0 0 0 ND ND —
TOTAL 1975—77 9119 892 9 33 1h 1 0 F ND—370 21+
33
    
Table 1. 1-15
Frequency and concentration of chlomphenoxy and chlorobenzoic acid herbicides
in water collected from 11 agricultural watersheds between May 1975 and April 1977
Frequency and content in water (ug/L)
 
Low Medium High
Watershed Period Analysis Not (0 . 1— (l . 1- (10 . 1 Mean Range SD
(May—Apr) (if) Det. 1.0) 10.0) + )
2,11-D
AG—l 1975-76 61 52 6 2 1 0.3 ND—15.9 1&1
1976-77 514 145 8 1 0 0.1 N'D—3.9 1.1
AG—Z 1975-76 29 1'8 1 O 0 <01 1‘“ —O.3 —
1976—77 314 30 3 1 0 (0.1 ND—1.1 —
AG-3 1975—76 52 146 6 0 0 <0.1 ND—O.7 —
1976—77 61 60 1 O 0 40 .1 ND-O.3 —
AG—H 1975—76 314 31 3 O 0 <0.1 ND—0.8 —
1976-77 143 L11 2 O 0 <0.1 ND—O.8 —
AG—S 1975—76 55 50 5 O 0 «0.1 ND—O.3 —
1976—77 56 5'4 2 O 0 <0.1 ND-O.3 —
AG—S 197 5—76 58 5M 14 0 0 4 O . 1 ND-O . 8 —
1976—77 H1 39 0 2 0 40.1 ND—2.1 —
AG-7 1975-76 28 26 2 O 0 40.1 N'D—D.3 —
1976—77 19 17 2 0 0 <0.1 ND—O.14 —
AG—10 1975-76 2M 73 1 0 0 $0.1 ND—O.3 —
1976—77 37 37 O O 0 ND ND -
AG—ll 1975—77 23 23 O 0 0 ND ND —
AG—13 1975—76 62 55 6 0 1 5.2 ND—320. 81
1976—77 87 83 14 D 0 <0.1 ND—D.5 —
AG—lu 1975—76 [48 148 O O 0 ND ND -
1976—77 143 N1 2 0 0 40.1 ND—O.8 -
TOTAL 1975-76 L169 1131 3’4 2 2 0.7 ND—320. 29.
1976—77 U80 L152 2“ U 0 (-0.1 ND—3.9 0.5
GRAND 1975—77 QUE! 883 58 6 2 0.14 ND-320. 20.
TOTAL
Frequency and content in water (ug/L)
Low Medium High
Watershed Period Analysis Not (0 . 1— (1.1- (10 . 1 Mean Range SD
(May—Apr) (if) Det. 1.0) 10.0) + )
2,14,5—T
AG—l 1975—76 61 55 5 1 0 < 0.1 ND—1.l -
1976—77 514 50 18 O 0 <0.1 ND-0.8 —
AG—3 1975—77 113 111 2 U 0 <0.1 ND-0.3 -
Ae-u 1975—77 77 76 1 0 0 <0.1 ND-O.8 —
AG—7 1975—77 “7 us 1 0 0 40.1 ND—0.3 —
AG-lO 1975—77 61 so 1 o 0 <0.1 NED—0.3 —
AG—13 1975—77 1149 1103 6 O O 40.1 ND—0.3 —
AG—2,5,6,11,11+ 387 387 G O 0 ND ND —
TOTAL 1975-77 9149 928 20 1 0 40.1 ND—l.1 -
MCPA
AG—U 1975-77 77 75 2 O O 4 0.1 ND-0.3 —
AG—6 1975—77 99 98 1 O O 40.1 NIB—0.3 -
ACE—13 1975—77 1H9 1’48 1 0 0 ‘0.1 ND-0.3 —
AG--lu 1975—77 91 89 2 o 0 <0.1 ND-0.3 -
AG-1,2,3,5,7,10,11 533 533 0 O 0 ND ND —
TUI‘AL 1975—77 949 9143 6 0 0 ’70.). ND~O.3 —
dicamba
AG—13 1975—77 1'19 1‘18 1 O O (0.] ND—O.7 —
AG-1,2,3,u,5,6,7,
10,11,114 800 800 0 0 0 ND ND -
TOTAL 1975—77 9149 9M8 1 O 0 <0.1 ND-0.7 —
AG—H: One sample contained MOUSE/L and was associated with the spraying of the stream bank.
34
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 ’wncenfr‘ai’iﬁns of U>ta1 endosulfan in water co11ectec'
13.11 ershe’ls between May 1975 and April 1977
 
Table 1 . l— 16 Frequency
Mum 1‘1 .11:
  
Freauency cf EEndosulfam in water (mg/L)
  
 
 
  
 
{321' ’i‘mce Tm; Medium High Mean Range
Water‘shaj Periml kudysis‘ 11m . (0 . "4— (1. O- (11—" 00) (101+)
(May—Apr) (7%) ((0.14) 0.9) 10.0)
AG— :3. 3 17 2 O 2.7 NIB—[11 12.3
5“ 2 7 L O O, 5 1113—9 2.5
AG—2 1’9 :1 U 5 3 C I? . 2 ND—17 9 . r3
3,5. m '3. 1 U 1.0 BID—17 6.5
AG—3 57 ‘~* 2’ w 0 0 <0.4 ND-b 1.7
LC ‘1‘, f 1 O 0 <0 ‘4 ND—8 2.0
Aii—w 11 «1 4 C: C‘ <U.-‘~ Nqu 2.1}
H h: L 1 O O QOA ND—LQ 0.4
AG—S 55 SC ‘7 5 0 0 O . 5 N'D—B 2 . 6
‘1' 5M 1 1 G O CCU-v FW—b 1.6
AC—B ‘11 C L) O 2 5 . 5 113—17 3 52 .
39' ‘ 1 G O 40.4 ffD—Z 3.6
AG—7 '77“ U 0 0 1 4.5 ’u-128 149.
F Q Q 0 7) ND .,‘ -
AC-1O ﬂ 2 O D 40.14 I —“ 1.6
(I 2 0 0 <0. ‘4 ND—E‘ 1 .1
PKG—11 ’8 1'1 1 U D 40.14 ND—‘4 2.1
‘ , 7 D C‘. 0 ND ND -
AG—E? C ‘. ‘1 30 U 16. HID—ZOO 38.
R} 3. 151 4‘4 0 15. RID-52 29.
ALT—14 i .7 1 O O. 3 ND—11 3.9
V U G <0 . U ND~O 7 O . 3
TOTAL 1975—7b 469 «7: u E-i 5 7. 5.7 ND-173 28.
1976—77 U80 3‘31 1U 34 US 0 2‘ 9 ND-52 17 .
GRAND TOTAL 1975—77 9M9 766 14 85 81 '3 3 3 ND—173 23
Table l . 1-17 Frequency and concentration of PCB Ln stream water collected from
11 agricul tural water‘sshods bptween May 1975 and ApriL 1977
Vr'ngemry 5,111.1 content in water (mg/T.)
Wat ershe 1 Per i 0} Ana] ys; is MJ lnw Med ium High Mean Range SD
May—Apr. (*1) 13m“. (7- (11— (100+)
(<47) 10) 100)
:4
61
I,
W
1
no
10—110
‘43
an n q 7n ND—60 31
Am? :m r: we U—Loo 53
. in r”: Y? 1 3G ND-2OO 68
AG—3 1975—76 .2 l 3 ‘4‘? {1 '19 10—100 37
1976—77 61 3 11 W; I 2 HID—200 57
ACE-L6 1075—76 31: 7 2? U 36 ND—90 50
197 13—77 H r; i"; 0 20 1113—50 32
Aﬂ—S 197 5—76 1 r ‘uﬁ {3‘ 40 ND—BO ‘41
1376—77 5? 8 ‘4 0 2H AND—100 U1
AG—B 1975—7E 58 7 ’37 O 5 ND—SO 43
1976—77 141 9 O O .75 ND—BO 31
G—’ 1975—76 78 C 1 27 O 41 10—100 US
1976—77 1‘3, 1 ‘1 1‘) 51 22 ND—60 2‘4
AH—NJ 1975—78 2‘4 .7 3 1?? 1 35 ND—110 23
1976—77 ".7 S 7 L“: O 23 ND—BO 38
AG-11 1978—78 18 .‘ ‘, 1‘} O 36 ND-lOO 50
1976—77 5 f1 1 ‘4‘ 0 2‘4 10—110 52
AC—LE , 1975—78 6}“ 5' [r O 39 10—100 38
1976—77 87 E I’D 1:1 L 2“ HIE—120 35
{AG—114 1375—7E 1&8 H 8‘ 3F: 0 3B ND—lOO L19
1976—77 1-3 P 3 32 O 23 ND—BO 31
T0131 1975—7?» 4‘qu 19 HQ. “<39 2 38 Nil—110 43
1973—77 43.1) 2714 10‘: 1,58 1 75 ND—ZUO ‘41
Gram] Tami : 2 975—77 9w 5‘2 m 7 a'/ E 31 ND—zoo L42
 Table 1.1—18 Frequency and concentrations of organophosphorus insecticides in water
collected from 11 agricultural watersheds between May 1975 and April 1977
.
.
.
«
e
r
‘
z
w
.
  
  
 
Frequency and content in water (ug/L)
Watershed Per iod Analys i5 Not Low Med ium High \r'ery Mean Range SD
May—Apr. (#) Bet. (001— (0.11— (1.1— High
(<0.01) 0.10) 1.0) 10.0) (10+)
Chlorpygifos
ACE—2 1975—77 63 62 0 1 0 0 (0.01 ND~0.15 —
AG—S 1975—77 1.11 110 0 0 1 0 0.01 ND—1.60 0.29
AG—l3 1975—77 109 1148 0 l 0 0 (0.01 ND-0.25 —
AG—1,3,L+,6,7,10,11,1u 626 626 0 0 0 0 ND ND —
P Total 1975—77 9'49 9'46 0 2 1 0 60.01 ND—1.60 —
Diazinon
\ _—
: AG-2 1975—77 63 62 0 0 0 1 0.142 ND—25. 6.0
AG—3 1975—77 113 112 1 0 0 0 40.01 ND—0.03 —
AG-13 1975—76 2 1&1 1 11 5 14 5.75 ND—1'40. '45.
1976—77 87 2 lb 32 17 l 1.02 ND—26. 5.8
AG-1,14,5,6,7,10,11,1M 620 6214 0 0 0 0 ND ND —
Total 1975—77 9149 862 16 '43 22 6 0.09 ND—lLbO. 12.
Ethion
AG—3 1975—77 113 112 1 0 0 0 40.01 LID-0.011 —
AG-5 1975—77 111 110 1 0 0 0 40.01 ND~0.02 —
AG-l,2,‘4,6,7,10,ll,
13,10 725 725 0 0 0 0 ND ND —
Total 197 5—77 909 907 2 0 0 0 ¢ 0. 01 ND—O. 01+ -
Malathion
AG-13 1975-77 1149 1145 0 3 1 0 0.02 ND—l.80 0.32
AG-1,2,3,u,5,6,7,10,
11,1U 800 800 O 0 0 0 ND ND —
Total 1975-77 9N9 9135 0 3 1 0 40.01 ND—1.80 —
Table 1.1-19 Frequency and concentrations of atrazine and desethylatrazine in water
collected from 11 agricultural watersheds between May 1975 and April 1977
g
g Atrazine and its metabolite — Frequency and content in water (ug/ 1)
E Watershed Period Analysis Not Trace Low Medium High Mean Range SD
; May-Apr. (#) Det. (0.0% (0.1— (1.1— (10.1
i (40.0”) 0.09) 1.0) 10.0) +)
J
E AG-l 1975-76 61 5 10 30 11+ 2 2.2 <0.0R—18.2 5.7
1976-77 SH 1 l 27 20 5 3.2 ‘0.016-22.6 9.9
AG-2 1975—76 29 13 8 7 0 1 0.57 c0.0‘+—13.1 “.9
1976—77 3H 22 3 8 1 0 0.17 c0.DL&— 1.8 0.73
AG-3 1975-76 52 0 0 22 2M 6 3.2 ‘0.'-+ —31.7 10.8
1976-77 61 1 0 33 25 2 2.0 40.00-2u.7 7.0
AG-H 1975—76 3’4 2 3 25 3 1 1.2 0.07-114.7 5.9
1976-77 H3 2 1% 27 9 1 1.5 ‘0.01+-27.1 8.5
AG-S 1975-76 55 H 2 37 12 0 1.0 (0.014- 6.6 3.1
1976-77 56 3 2 38 13 0 0.89 40.00— 7.7 2.1
AG—6 1975—76 58 23 11 23 1 0 0.13 <0.0'+—- 1.2 0.014
1976—77 141 26 3 12 0 0 0.07 40.00— 0.52 0.18
AG—7 1975-76 28 11 9 8 0 0 0.10 40.014— 0.6 0.35
1976—77 19 19 0 0 0 0 40.01% <0.01a —
AG-lO 1975-76 2‘4 0 0 20 3 1 1.14 0.07—10.3 5.6
: 1976-77 37 1 2 18 8 8 5.5 ‘0.OL+—32.8 18.2
.3 AG-ll , 1975-76 18 0 0 16 2 0 0.149 0.1 - 1.2 0.61
1 1976-77 5 1 2 2 o 0 0.09 z0.0u— 0.3 0.28
AG—13 1975—76 62 32 7 15 8 0 0.39 L0.0L&‘- 0.14 1.6
1976—77 87 20 11 '46 9 1 0.66 ‘0.01$—10.8 2.9
AG—lu 1975—76 ‘48 2 6 32 7 l 1.0 (DAN—13.3 13.5
‘ 1976-77 U3 0 1 33 7 2 1.6 LEON—18.0 21.
J Total 1975—76 1469 92 56 235 71; 12 1.1 ‘0.00—31.7 6.6
1 1976—77 1480 96 29 2140 2 19 1.6 <0.0lJ-32.8 9.8
1 Grand Tota1:1975—77 9'49 188 85 L479 166 31 1.11 <0.0u—32.8 8.14
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May—Apr. (#) Det. (0.011— (0.10— (1.1—- (10.1+)
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Alachlor
AG-
3
197
5—7
7
113
111
1
0
l
0
0.08
ND-9
. 0
1.70
AG—
ll
197
5—77
23
22
1
0
0
0
:0.
00
ND—O
. 07
—
AG—1,2,u,5,8,7,10,
13 ,1
0
813
813
0
0
0
0
ND
ND
—
Tot
al
1975
—77
999
996
2
0
1
0
r 0.
00
ND-
9.0
—
Cyprazine
AG—
l
197
5—77
115
113
2
0
0
0
4 0.
01;
ND—D
. 07
—
AG—
2
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5—7
7
63
60
3
0
0
0
<1 0.
00
ND—
0.0
7
—
AG-
3
197
5-7
7
113
111
1
0
0
1
0.16
ND-
18.
0
—-
AG—
N
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5—7
7
77
76
0
1
0
0
(0.0
14
ND—
0.3
—
AG—
S
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5—77
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0
2
0
0
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00
ND-
0.3
—-
AG—
lO
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5—7
7
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1
l
0
0
<0.
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ND—
0.3
—
AG—
lu
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5-7
7
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0
2
0
0
‘ 0.
0L}
ND—
O. 3
—
AG—6,7,1l,13
197 5
—77
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0
0
0
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-
Tot
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7
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7
6
0
1
~ 0.0
L;
ND—
18.
0
—
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AG-1
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0
l4
1
0
<0. 0
14
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.2
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197 5
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0
0
1
0
‘0. O
H
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.”
—
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-77
99
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l
0
0
0
40.0
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ND—O
. 07
—
AG—1
3
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—77
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2
5
0
0
40.0
0
ND—1
.0
~
AG—2,3,U.,7,10,11,1U'
1975
—77
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u75
0
0
0
0
ND
ND
-
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al
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5—7
7
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935
3
9
2
0
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ND—1
.1+
—
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AG—S
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—77
111
110
1
0
0
0
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0
ND—0
.07
—
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2
0
0
0
(0.01
4
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-
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0
0
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0
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2
0
0
0
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.07
—
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—77
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3
3
0
0
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“
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.50
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0
O
0
0
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—
1976
—77
1+3
39
2
2
0
0
40.0
9
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.20
—
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1975
—77
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8
0
0
0
40.0
9
ND—0
.07
-
AG—B
1975
—77
99
98
0
1
0
0
Z 0.0
9
ND—O
.10
—
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O
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2H
23
1
0
0
0
<0.01
4
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. O7
—
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6
S
0
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5
0
0
0
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—
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83
U
0
0
0
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-
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u
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3
0
0
0
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—
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1
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-77
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0
0
0
0
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ND
—
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5—7
6
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5
0
0
‘00
0
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0.2
0
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7
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3
0
0.0
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0
0.9
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ND
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6
'25
2?
3
0
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0.1
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}
TO
TA
L
53
50
3
o
4 0
. 1
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Growth
Present Past Regulators
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jec
t 5
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1+)
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O
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314
u
2
0
Pro
jec
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+B—
Ana
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is(
#)
20
8
1
16
O
0
2
~Vo
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1
0.1
7'4.
8
O
0
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ide
s
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(1+0
— 1
00%
)
p,p
lDD
E
——-
atr
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PCB
desethyl
atrazme
Infrequent
(10
—
140
%)
Pap
lTD
E,
p,p
lDI
‘/I
’,
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—-
—
—.-
—
__.
.
S—endosulfan
8 endosulfan
sulfate
Rarely
(1 —
10%)
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———
2,M—
D,
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o ,p—lDUI‘,diazinon
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Table 1.1-23
DIS
SOL
VED
ORG
ANO
CHL
ORI
NE
CON
TAM
INA
NT
RES
IDU
ES
IN
OAK
VIL
LE
CRE
EK%
*
AND
GRA
ND
RIV
ER
WAT
ERS
,
JUL
Y A
ND
SEP
TEM
BER
197
6
(ng
/l)
(i
AND
1
95%
CO
NF
ID
EN
CE
LI
MI
TS
).
 
.
Che
mic
al
# o
f A
nal
yse
s
Oak
vil
le
Cre
ek
Gra
nd
Riv
er
pCB
9
3.5
:r 1.
2
2 6
:r 0.
65
E
HCB
9
0.0
4 i
0.0
3
0.0
2 i
0.0
2
X
— B
HC
9
2.2
4
i 1
.14
1.9
1
i
0.9
7
LIN
DAN
E
9
1.5
5
i 0
.8
0.6
7
i
0.1
6
B —
BHC
9
ND
ND
NEP
TAC
HLO
R
9
ND
ND
ALD
RIN
’
9
ND
ND
NEP
TAC
HLO
R E
POX
IDE
9
0.2
2 i
0.1
3
0.4
2 +
0.2
0
THI
ODA
N I
9
ND
ND
THI
ODA
N I
I
9
ND
ND
DIE
LDR
IN
9
0.3
6 i
0.1
4
0.3
2 +
0.0
5
ENDRIN 9 0.19 i 0.13 0.12 t 0.10
X -
DDT
’
9
0.55
i 0.
35
0.36
i 0.
13
X -
CHLO
RDAN
E
9
0.21
i 0.
03
0.13
i 0.
02
Y —
CHL
ORD
ANE
9
0.1
4 i
0.0
3
0.1
0 i
0.0
2
MIREX
.
5
0.07
i 0.0
4
0.08
i 0.0
4*
 
*September values only
- !
ND — non detectable
**In Lake Ontario Basin
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ra
l
78
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1
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si
n
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e
Ea
st
er
n
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fl
l
Basin
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nt
ra
l
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+4
1
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si
n
‘
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hl
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er
n
94
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ra
l
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1.2 DATA ON SEDIMENT QUALITY — LAKE ERIE
heavy Metals
Concern on the possible effects of mercury discharges from chlor—
alkali plants along the St. Clair and Detroit Rivers resulted in the
initiation of intensive sediment analyses programs in the Lake Erie
Basin. The programs generally determined several heavy metal con—
centrations, in addition to mercury, and the results of many of the
studies are noted in Table 1.2—1 (references 21—27).
The distributions of mercury in sediments of the Western Basin during
1970, 1972 and 1976 are illustrated in Figures 1.2—1 to 1.2—4.
Thomas and Jaquet (25) illustrated the distribution patterns of mer—
cury in the surficial 3 cm of sediments throughout Lake Erie in 1971
(Figures 1.2—5 and 1.2—6). The actual mean mercury levels and the
ranges are shown in Table 1.2—2. The profiles of mercury concentra-
tion at various sediment depths which were determined by Kemp and
Thomas (26) are shown in Figure 1.2—7. In Figure 1.2—7, Stations 4—7
for Lake Erie are located in the Western Basin; Station 8 is in the
Central Basin; and, Station 9 is in the Eastern Basin. All studies
appear to show higher levels of mercury in the "deeper, central part
of the basin in a fanwise distribution emanating from the Detroit
River mouth" (24). The Ontario Ministry of the Environment (24)
stated that its "data reveal a slight decrease (not significant at a
90% confidence level) in the mean concentration when compared to
earlier data. Mercury levels in 1976 exhibited an almost normal
distribution compared to a heavily—skewed distribution existing in
1970..."
The Pollution from Land Use Activities Reference Group (PLUARG) in its
1977 report to the IJC, presented its findings on lead concentrations
in Great Lakes sediments (28). In Figure 1.2—8, two plumes are
observed: from the Detroit River to the Western Basin of Lake Erie;
and, from the Cleveland Region to the Central Basin. On the basis of
the 1977 PLUARG report, the following information is presented:
profiles of lead in Great Lakes sediment cores (Figure 1.2—9); lead
concentrations in the topmost 3 cm of Lake Erie sediments (Table 1.2—
3); and a mass balance for lead in Lake Erie (Table 1.2—4).
A 1973—74 study of selenium levels in Western Lake Erie by Adams and
Johnston (5), showed a range from 0.10 to 0.75 ppm selenium (Table
1.2-5).
Profiles for other metals in Lake Erie sediment cores, which were
reported in 1974 by Walters £3 21. (30), are shown in Figures 1.2—10
to 1.2—13. Actual analytical data for some cores are given in Table
1.2—6.
Tables 1.2—1, 1.2—7 and 1.2—8 summarize nearshore sediment quality
(22, 27) including sediments from tributary outlets (31), areas near
point source discharges (22, 32) and harbors (33—40). Information in
Table 1.2—8 (references 33—39) was obtained from the EPA Region V
Harbor Sediment Sampling Programs.
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Table 1.2—14 summarizes the residues of pesticides found in stream bed
sediments in eleven agricultural watersheds in Southern Ontario from
1974—77 (170). Watersheds AG—Z, AG—4 and AG—l3 are within the Lake
Erie Basin and are described in Table l.l—ll. Another PLUARG study
evaluated organochlorine residues associated with suspended solids
in the waters of the Grand River (171). The results are shown in
Table 1.2—15.
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p p m
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Maumee Ri
ver Mouth
Maumee
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ﬁ
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(see Figs. 1
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FIG. 1.2—2 SEDIMENT SAMPLING LOCATIONS AND OBSERVED CONCENTRATIONS — MERCURY SURVEY 1976,
MINISTRY OF THE ENVIRONMENT.
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TABLE 1.2-2
MERCURY
LEVELS
(MEANS
f
SD)
IN
THE
SEDIMENTS
OF
LAKE
ERIE
(RANGE
IN
PARENTHESES).
BASIN
MERCURY
CONCENTRATION
(ppb)
Inshore
Zone
287f323;
N
=
102
(whole
lake)
(8—1881)
Western
Basin
1622f694;
N
=
34
(484—2929)
Western
Basin
1217f792;
N
=
53
with
its
inshore
zone
(65-2929)
Sandusky
Basin
710:464;
N
=
8
(271-1810)
Central
Basin
544fl91;
N
=
85
(56—1030)
Eastern
Basin
483t272;
N
=
31
(45—977)
Total
582:555;
N
=
259
(8-2929)
TABLE 1.2-3
LEAD
IN
GREAT
LAKES
SEDIMENTS
—
LAKE
ERIE
AND
LAKE
ST.
CLAIR
   
Y SD
LAKE
ERIE
N
PPM
PPM
All
Samples
257
87
50
Non
Depositiona]
Zone
102
48
30
Total
Basin
155
112
44
Western
Basin
34
I45
52
Sandusky
Basin
8
92
20
anxtrzil
Lisir]
8';
Ill
'54
Eastern
Maxim
'H)
8]
33
[JEN
St.
(It‘ll-1’
W)
 
48
    
LAKE HURON
STN1 H STN 2 STN.3
10
——~—‘
.
Hg
ppm
_____ 1870
20
‘
dot
‘
_
.
_
—
AMBROSIA
HORIZON
soI , a
120 I L‘
9
"
M
b
4
I
O M
.
O 2 4
LAKE ERIE
STN 4 STN5 STNﬁ STN, 7 STN 8 STN9
20‘
40
BOB . ——“—‘ ‘350
(-—-Wester Basm_—) Centra Eastern
Basin Basin
4 o 2 a o 2 4
O 2 4 0
LAKE ONTARIO
    
120
C
M
D
E
P
T
H
O
F
S
E
D
I
M
E
N
T
c
m
0
4
0
I
H
U
M
I
I
I
A
P
P
R
O
X
I
M
A
T
E
D
A
T
E
O
F
D
E
P
O
S
I
T
I
O
N
C
N
M
  
  
  
SIN IU SIN II SIN l2 SIN III
0 ..‘. “1;” "' {zzgnzF‘
an "'1":
‘0 ____ﬂ
20 I ____ '
40
' ,
I
HO i
|
‘ I
120
O 2 4 O 2
O 2 4 O 2 4 o 2 4
Fig 1.2-7 Distribution of Hg in sediment cores from the [4 locations (ppm dry weight of sediment).
49
 [:3 <50
5
0
-
1
0
0
-
1
0
0
—
1
5
0
-
>150
FIGURE1.2—8 DISTRIBUTION OF PB IN LAKE SEDIMENTS: 0-3 CM SEDIMENT THICKNESS
  
 N
O
L
L
I
S
O
d
E
I
O
:
l
O
E
L
V
C
]
E
L
V
W
I
X
O
H
d
d
V
Wﬁ-_é‘_ll . . . kv...“ V‘-..‘~. A
a < A. , ‘
SEDN'I .LVEIHB 3H1 NOEH
$3802) .LNSNICIES NI (IVE-l 80:! SE'IIdOHd
65—81913
  
 
 
 
 
 
 
 
 
OQl
0
09L
0
093 om
o
088 on
o
092 on
o
g
g
g
4
HH”‘*‘} _’ ‘ § ' ¥ ; % 7‘ ‘r e *4. r i v + i
oat
0
08¢ OVl
0
093 071
A Dan
A] 91
09
095» ——-——
0v
é
.
03
93096;......o.a
I
       
a
r
m
s
0
,
v.71.
 
 
 
 
 
  
  
  
m
_,;
M...“
3
; K
O
g‘rmé'
m
m
71 ms
2; ms
Zl ms
u 'le
0t ms
A
NVI a
omvmo 3mm
V8
9 039
082 om 0
on o
L
0.9L
0?‘
9
‘ : # e + + % v :
v 9 1
I ' I
I
7 U
092 on
08L
0
o
m
91 '0
—'
I
9 91
,9”) E
93
g
._.____._
H . , v _ _ _
m
2
___ﬁ
-4
SMS
8M8
[le
9mg
gms
Wis 0
arms
Ll‘NiS o‘r’Nlék ems
ems
L'NLS
3
3:33 SMV']
NOHnH 3MV‘I
V
:
%
%
ﬂ!
%
a'
081
08L
0
08L
0
91
NOZI
HOH
VISO
HEWV
——
—
N
O
Z
I
H
O
H
v
a
n
r
s
v
o
I
qud qd
  
 
ems
s'ms
viﬁis
OMS
L'NiS "'0
HOIHEIdnS BMV’I
 TABLE 1.2-4
LEAD MASS BALANCE (METRIC TONS PER ANNUM) — LAKE ERIE
   
SELENIUM CONCENTRATIONS IN WESTERN LAKE ERIE SEDIMENTS (5)
(Ref. 28)
DEPOSITED AND
LAKE ERIE INPUTS OUTPUTS
Accumulating in sediment 3006
Detroit River suspended solids 171
All other rivers suspended solids 192
Solute all rivers 196
Shoreline erosion 437
Dredged spoil 99
Airborne inputs Model 650
Precip. Chem. 2200
Output suspended solids 319
Output solute I 177
Total 3295 3502
PERCENTAGE INPUTS
2 of Loading Z of Accumulation & Output
Fluvial 17.0 16.0
Erosion 13.3 12.5
Dredging 3.0 2.8
Atmospheric 66.7 18.6—62.8
Unaccounted - 5.9—50.l
TABLE 1.2—5
 
Selenium (ppm dry wt.)il Std. Dev.
Station 06/73 08/74
1
0.52f0.10
0.10f0.02
2
O.35f0.12
O.17+0.05
3
0.47f0.21
0.37f0.12
4
O.60f0.07
0.10f0.02
5
0.65f0.21
O.lO+0.02
6
0.75t0.09
0.10f0.02
Mean
0.56f0.10
O.16+0.07
52
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HEAVY METAL CONCENTRATION IN LAKE ERIE SEDIMENT CORESa
TABLE
1.2—6
Int
erv
al
Fe
Cr
Co
Cd
Zn
Ni
Sb
As
Hg
Cu
cm
PPm
PPm
13p
m
PPm
PPm
PPm
PR
m
PPm
PPm
PPm
Core 34—2 (42 40.0'N, 79 20.0'W)
0-2
110
00
12
7.7
0.0
53
32
1.5
0.4
5
0.0
70
12
2—4
110
00
9
7.1
0.0
21
31
1.0
0.2
8
0.0
25
9.7
6—8
920
0
9
3.8
0.0
35
30
0.7
6
0.1
6
0.0
22
9.1
75
— 8
0
890
0
10
6.3
0.2
25
56
0.4
1
0.1
7
0.0
22
7.1
254—
260
1400
0
13
9.0
0.0
37
76
0.54
0.73
0.01
9
13
Core 16-1 (near Lorain, Ohio)
0—2
280
00
60
12
3.8
26
56
1.2
1.6
0.3
3
40
6—8
3100
0
35
14
1.4
20
33
1.5
2.4
0.19
34
35.5
—39.
5 2
9000
30
13
1.4
17
28
0.69
0.79
0.05
8
21
47—5
0
1700
0
21
10
1.6
8
10
0.33
0.48
0.05
0
9.7
Core 13—2 (near Pelee Lorain sill)
0—2
2300
0
37
11
1.0
18
65
2.0
1.2
0.44
31
2—4
1900
0
23
9
2.2
12
49
0.69
1.1
0.13
23
4—6
1900
0
19
8
0.6
9
43
0.47
1.5
0.05
2
18
14—1
6
1500
0
14
7
0.3
5
31
0.22
0.77
0.05
4
8.4
a Walters, g; 1. Proc. 17th Conf. Great Lakes Res. 1974: 219—234;
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8
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.1
11
.8
16
.9
56
.0
21
8
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0*
8
2
7.
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8
8.
2
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.5
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0
11
0
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1
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.3
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.0
*
11
3.
2*
*
37
.2
*
14
6.
3*
16
7
69
0*
*
O
3
12
.0
12
.1
17
.9
38
.5
15
0
14
0*
1
8
1.5
3.6
4.
5
15.
7
53
80
6
6
8.4
10
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35
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HARBOUR
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TABLE 1.2-8
 
U.
S.
EP
A
RE
GI
ON
V
AN
AL
YS
ES
OF
SE
DI
ME
NT
S
IN
LAKE ERIE HARBOURS
/YEAR SAMPLED
Monroe, MI /1976
Fairport, OH /1977
Ashtabula, OH /1977
Conneaut, OH /1977
Sandusky, OH/1977
Cleveland, OH /1977
Cuyahoga River, OH/1977
Elk Creek, PN/1977
(Designated Heavily
Polluted re:Cd)
Conneaut, OH
Monroe, MI
Lorain, OH
Erie, PA
Elyria, Black River, 0H
(Designated Heavily
Polluted re: Pb)
Lorain OH
Erie, PA
Monroe,MI
Rocky River, OH
Toledo, OH
Sandusky, OH
Elyria, Black River, OH
(Designated Heavily
Polluted re: AS)
Erie, PA
Ashtabula, OH
Lorain, OH
Fairport, OH
Sandusky, OH
Huron, OH
Monroe, MI
Vermilion, OH
Toledo, OH
Conneaut, 0H
Rocky River, 0H
Pt. Clinton, OH
Elyria, OH
CADMIUM (mg/kg)
(1975—76)
6.1 — 7.4
7.0 - 7.4
7.7 — 29.0
11 - 33
9 - 990
LEAD (mg/kg)
(1975-76)
62 — 216
69 - 255
75 — 120
67 - 100
62 — 64
68 - 86
62 — 4600
ARSENIC (mg/kg)
(1975 - 76)
10 - 18
11 - 16
11 — 19
10 - 17
10 - 19
9 - 22
9 — 12
11 - 19
9 — 14
9 — 15
11 — 15
11 - 12
9 — 16
56
TOTAL PCBS
(mg/kg dry weight)
LOW
<1
.07
.1
.03
.17
.01
.29
.02
HIGH
1.10
7.68
.17
.64
2.30
2.20
.08
# VALUES
>6 mg/kg
\
O
O
O
G
N
N
U
‘
l
# VALUES
>60 mg/kg
O
N
W
W
O
‘
O
‘
C
D
1
# VALUES
>8 mg/kg
12
11
10
U
‘
I
N
-
D
U
'
i
O
‘
N
C
D
N
K
D
K
D
K
O
5
7
TA
BL
E
1.
2-
9
(Re
f.
11)
Co
nc
en
tr
at
io
ns
of
he
av
y
me
ta
ls
in
Ma
um
ee
Ri
ve
r
Ba
si
n
so
il
s,
bo
tt
om
se
di
me
nt
s
an
d
li
me
st
on
e
be
dr
oc
k.
 
C
d
Co
C
r
C
u
Pb
Z
n
Sr
So
il
s
Ran
ge
Mean
S.
D.
Se
di
me
nt
Bed
roc
k
 
Ran
ge
Me
an
S.
D.
M
e
a
n
0.
10
—0
.7
0
1.
80
—2
.3
0
12.
00—
13.
80
9.
60
-2
7.
80
25.
80—
42.
00
21.
60—
29.
40
41
.3
0—
69
.6
0
0.35
1.98
15
.3
0
20.20
33.
75
25.
20
49.15
0.
26
0
.
2
2
4.
17
8.
62
6.
63
3.
23
13.
65
ﬁ
u
g
/
0.
04
—
0.
39
4.
25
—1
4.
31
0.
72
—
2.
54
4.
38
—1
0.
ll
6.
42
—1
6.
89
3.
84
—1
0.
70
6.
95
—2
4.
68
50
.1
0—
93
.6
0
g
0.
15
9
.
1
1
1.55
6.4
9'
11
.2
1
7.33
15
.7
7
71.
77
0.
09
2.
26
0.
46
1.27
2.39
1.55
3
.
3
2
7.89
1.
94
1.
27
2.
63
8
.
5
2
34
.1
2
33.
50
250.50
57
.8
0
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TABLE 1.2—11
(43)
 
Year.» Dept/I Content in freeze-dried sediment {ppb}
(0") p,p’-DDE p,p’-TDE HEOD PCB
1969
»1971
07
2
19.0
53.0
ND
340.0
1966
4968
2*
4
9.0
20.0
ND
10.0
19637
1965
4-
6
1.5
2.0
ND
6.0
1961—
1963
6!
8
2.5
1.0
ND
10.0
1958
—196
0
8~ 1
0
2.0
ND
ND
ND
1956
7195
8
10‘
12
ND
ND
ND
10
1953
7195
5
127
14
ND
ND
<01
ND
1827
7195
2
14—1
12
ND
ND
ND
ND
TABLE 1.2—12
(43)
RESIDUES IN 5 SUSPENDED SOLIDS TAKEN FROM THE DETROIT RIVER IN 1974
 
Contaminanl Constant ppb dry weight basis
Mean Range Std. Dev.
a,p’-DDE <0.1b <0.|— 0.2 #
p,p’-DDE 5.4 2.07120 3.9
p,p'-TDE 5.2 3.1—]0.0 3.2
0,p’-DDT 3.2 0.9— 6.1 1,8
p,p’-DDT 4.6 2.1— 7.1 2.3
EDDT 18.5 10.0-27.0 7.6
HEOD 3.6 1.9— 5.1 1.1
Hept. epoxide 0.6 ND— 2.0 _
Organophosphorus ND‘1 ND #
PCB 72 30 ~100 28
u- and y-chlordane <0.2h <0.2 A
‘1 ND * not detecxed
1’ Mean of parameter at detection limit; no SD given.
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 TABLE
1.2-13
SURVEY ORGANIC CONTAMINANTS IN SEDIMENT
SAMPLES FROM NEARSHORE WATERS OF
LAKE ERIE - 1973(a)
ORGANIC CONTAMINANTS SOUGHT AND DETECTION LIMITS(mg/kg)
DDE - .001 — .002
TDE — .001 — .002
o,p DDT — .001 — .002
p,p DDT — .001 — .002
Dieldrin — .001
DEHP — 1.0
DBP — -l.0
LOCATION
Plume of Detroit River
18 stations
(Detroit River mouth to
Stoney Point)
Stoney Point to Woodtick
Peninsula — 17 stations
Chlordane — .005
Lindane - .001
Aldrin — .001
Endrin — .001
Heptachlor— .001
PCB - .03-.05
ORGANIC CONTAMINANTS FOUND IN EXCESS OF
 
DETECTION LIMITS AND CONCENTRATIONS(mg/kg)
AT STATIONS DETECTED
DDE — .006, .004, .003, .002, .006, .018
TDE — .012, .011, .008, .002, .012, .030
o,p DDT — .002, .003
p,p DDT —.006, .013, .006, .009, .007, .015
PCB — Aroclor 1260 — .38, .15, .20, .10, .08,
.16
DEHP — 5.0, 3.0, 1.0, 2.0
DBP - 3.0, 6.0
DEHP — 1.0, 1.0
(a) Michigan Department of Natural Resources
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1
,.
3
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5
4
5
4
PC
B
76
i
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i
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4
i
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7
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i
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ND
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x
—
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6
i
2
9
i
11
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LI
ND
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4
i
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TR
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ND
ND
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ND
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ND
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ND
ND
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ND
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l
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ND
ND
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DDT
16.
4
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t 4
.2
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i 2
1
TR
X -
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.3
9
i 5
2 i
2
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CHL
ORD
ANE
3.2
i 2
2.2
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Stanley g£_al. (44) in 1971, detected p,p' — DDT and o,p' DDT at
levels of 11.0 and 2.9 ng/m3 respectively, in air samples at Lake Erie
near Buffalo, New York.
Vari
ous
stud
ies
have
rece
ntly
been
comp
lete
d to
dete
rmin
e c
onta
mina
nt
levels in precipitation. Analyses by the Ontario Ministry of the
Envi
ronm
ent,
show
ed P
CB l
evel
s be
twee
n 0.
03 -
0.07
ppb
in r
ainf
all
samp
les
from
Big
Cree
k an
d Hi
llma
n Cr
eek
in E
ssex
Coun
ty,
Onta
rio
(45)
.
Tab
le
1.3
—1
ill
ust
rat
es
the
res
ult
s o
f a
nal
yse
s b
y C
CIW
of
rainfall over Lake Erie (46).
Under sponsorship of the PLUARG studies, Acres Consulting Services
Ltd. was authorized to carry out scientific investigations of deposi—
tion of airborne material in the lower Great Lakes and the Great Lakes
drainage basin (47). Figures 1.3—1 to 1.3—4 Show the loading contours
in ng/cmZ/day for Pb, Ni, Cu and Cd in Lake Erie. Two setsof loading
estimates for various parameters are given in Table 1.3-2, one set
based on a mathematical model and the other set, from existing precipi—
tation chemistry data.
Two other PLUARG sponsored studies also evaluated the levels of various
contaminants in rainwater from the Lake Erie Basin (170,172). The
results are shown in Tables 1.3—3 to 1.3—5, with AG-4 and AG—l3
implying the counties of Wellington and Essex.
In the U.S., each state bordering Lake Erie monitors air quality to
evaluate compliance with national primary ambient air quality standards
for suspended particulates, sulfur dioxide, nitrogen dioxide and
carb
on m
onox
ide.
Annu
al r
epor
ts a
re p
ubli
shed
by
the
Mich
igan
Depa
rt-
ment of Natural Resources Air Quality Division and the Ohio EPA Office
of Air Pollution Control. New York maintains an air emission inventory
for industrial process emissions, such as for example, aliphatic
hal
oge
n c
omp
oun
ds.
The
New
Yor
k p
rog
ram
is
des
cri
bed
the
197
7 A
ppe
ndi
x
E en
titl
ed "
Stat
us R
epor
t on
the
Pers
iste
nt T
oxic
Poll
utan
ts i
n th
e
Lake Ontario Basin" (73) and in the Annual Reports of the New York
State Department of Environmental Conservation's Division of Air
Resources.
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TABLE 1.4—1 \
MUNICIPAL EFFLUENT ANALYSES - LAKE ERIE BASIN
ORGANIC ANALYSES
MONROE WASTEWATER TREATMENT PLANT
\ s A M P L 1 N G L o c A T 1 o N 8
DATE RAW WASTE #1 RAW WASTE #2 EFFLUENT SLUDGE
PARAMETER (1973) (Ug/L)(lbs/day) (ug/L)(1bs/day) (Hg/L)(lbs/day) (mg/kg)
DRY
Linda
ne
10/23
0.007
.0003
0.003
.0003
0.009
.001
0.001
10/24 0.006
0.002
Hepta
chlor
10/23
0.008
.0004
<.001
<.000
09
0.011
.002
< 001
0.003
<.001
Aldrin 10/23 0.090 .004 0.006 .0006 0.030 .004 0.010
10/24 0.008
10/25 0.014
Heptachlor Epoxide 10/23 <.001 <.00004 <.001 < 00009 0.004 .0006 0.004
10/24 \ 0.010
10/25 <.001
Dieldrin 10/23 0 001 .00004 0.040 .004 0.042 .006 0.049
10/24 0 003
10/25 0 009
Endrin 10/23 0 002 .00009 0.020 .002 0.016 .002 <.001
10/24 < 001
10/25 <.001
O,P—DDT 10/23 <.001 < 00004 < 001 <.00009 <.001 <.0001 0.010
10/24 0.014
10/25 0.020
P,P—DDT 10/23 < 001 <.00004 <.001 <.00009 <.001 <.0001 <.001
10/24 < 001
10/25 <.001
O,P—DDD 10/23 < 001 <.00004 <.001 <.00009 0,014 .002 0 004
10/24 0 004
10/25 0.008
P,P—DDD 10/23 <.001 <.00004 < 001 <.00009 0.012 .002 0.016
10/24 0.021
10/25 0.024
O,P-DDE 10/23 < 001 <.00004 0.010 .0009 0.003 .0004 <.001
10/24 0.019
10/25 <.001
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 TABLE 1.4—1 CONT'D
  
SAMPLING LOCATIONS
DATE RAW WASTE #1 RAW WASTE #2 EFFLUENT SLUDGE
PARAMETER (1973) (Hg/L) (lbs/day) (Hg/L) (lbs/day) (Hg/L) (lbs/day) (mg/kg)
DRY
P,P—DDE 10/23 0.130 .006 0.070 .007 0.045 .006 0.004
10/24 <.001
10/25 0.011
Methoxychlor 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 <.001
10/24 <.001
10/25 <.001
Di—n—Butyl 10/23 80 3.6 170 16.0 65 9.0 13.0
Phthalate 10/24 11.0
10/25 56.0
Di—Z-ethyl 10/23 31 1.4 190 17.9 150 20.9 19.0
Phthalate 10/24 17.0
10/25 19.0
Chlordane 10/23 <.001 <.00004 0.480 .045 0.240 .033 0.110
10/24 0.230
10/25 0.280
Aroclor 1221, 1232, 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 <.001
1248, 1260, 1262, 10/24 <.001
1268 (analyses 10/25 <.001
for each indivi-
dual component)
Aroclor 1242 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 2.1
1.6
1.2
Aroclor 1254 10/23 1.3 .058 0.8 .08 0. .11 2.5
     
 
  
TABLE 1.4-2
    
MU
NI
CI
PA
L
EF
FL
UE
NT
AN
AL
YS
ES
-
LA
KE
ER
IE
BA
SI
N
ORGANIC ANALYSES
TRENTON WASTEWATER TREATMENT PLANT
S
A
M
P
L
I
N
G
L
O
C
A
T
I
O
N
S
DAT
E
RAW
WAS
TE
EFF
LUE
NT
SLU
DGE
PAR
AME
TER
(19
73)
(pg
/L)
(1b
s/d
ay)
(pg
/L)
(1b
s/d
ay)
(mg
/kg
)
DRY
10/
23
.007
.00
03
<.0
01
<.0
000
4
.002
10/
24
.00
1
10/
25
I
1
.01
4
I
I
Hep
tac
hlo
r
10/
23
.011
.00
05
.035
.00
14
<.0
01
10/
24
I
i
.004
10/
25
1
;
<.0
01
Ald
rin
10/
23
.066
I .
003
g
.040
5 .
002
.002
10/
24
'
‘
a
.012
;
10/
25
‘
g
.014
I‘
Hep
tac
hlo
r e
pox
ide
10/
23
<.0
01
<.0
000
4
< 0
01
§<.
000
04
<.0
01
10/24 3 .001
10/25 \ ‘ .020
Diel
drin
10/2
3
.001
‘ .0
0004
‘
.004
i .0
002
.026
10/24 x t .014
10/25 I .018
|
Endr
in
10/2
3
.001
.000
04
.006
i .0
002
.020
10/24 i .008
10/25 i .011
O,P—DDT 10/23 <.001 <.00004 <.001 §<.00004 .016
10/24 ; .008
10/25 I .064
P,P—DDT 10/23 I < 001 <.00004 <.001 §<.00004 <.001
10/24 I. g .004
10/25 1 .029
i
O,P—D
DD
10/23
.028
z .0
011
.005
i .0
002
.050
10/24 : I . .011
10/25 ; < 001
P,P—DDD 10/23 .010 > .0004 .016 ? .0007 .089
10/24 I ‘ .013
10/25 ‘ .084
O,P—DDE 10/23 <.001 <.00004 5 .022 < 0009 <.001
10/24 I <.001
10/25 ; .035
     
TABLE 1.4—2 CONT'D
     
SAMPLING LOCATIONS
DAT
E
RAW
WAS
TE
EFF
LUE
NT
SLU
DGE
PA
RA
ME
TE
R
(19
73)
(Hg
/L)
(l
bs
/d
ay
)
(u
g/
L)
(1
bs
/d
ay
)
(mg
/kg
)
DRY
P,
P—
DD
E
10
/2
3
.06
9
.00
3
.10
3
.00
4
<.
00
1
10/
24
.01
0
10/
25
.02
7
Me
th
ox
yc
hl
or
10
/2
3
.02
5
.00
1
.16
5
.00
7
<.
00
1
10/
24
<.0
01
10/
25
<.0
01
Di
—N
—B
ut
yl
ph
th
al
at
e
10
/2
3
12
.49
34
1.
4
45
10/
24
13
10/
25
18
Di—
2—e
thy
1
pht
hal
ate
10/
23
200
8
17
.70
<50
10/
24
<50
10/
25
3
Chl
ord
ane
10/
23
1.5
00
.06
2
1.1
00
.04
5
.92
0
10/
24
.11
0
10/
25
.09
5
Aro
clo
r
122
1,
123
2,
10/
23
<.0
01
<.0
000
4
<.0
01
<.0
000
4
<.0
01
126
0,
12
62
,
12
68
10
/2
4
<.
00
1
(An
aly
ses
for
eac
h
10/
25
<.0
01
different component)
Ar
oc
lo
r
12
42
10
/2
3
<.
00
1
<.
00
00
4
<.
00
1
<.
00
00
4
2.2
10/
24
3.8
10/
25
3.4
Aro
clo
r
125
4
10/
23
9
.04
.3
.01
4.8
10
/2
4
13
.5
10
/2
5
2.
6
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TABLE
1.4-3
MUNI
CIPA
L E
FFLU
ENT
ANAL
YSES
— LA
KE
ERIE
BASI
N
HEA
VY
MET
AL
CON
CEN
TRA
TIO
N (
us/
L)
 
SAM
PLI
NG
DAT
E
LOCA
TION
MUNI
CIPA
L P
LANT
AVE
RAG
E
FLOW
(MGD)
CAD
MIU
M CHROMIUM C
OP
PER
LEAD
ARSENIC NIC
KEL
SELENIUH
T
ZINC ME
RC
UR
Y
r
T
T
1
INF
ORM
ATI
ON
SOU
RCE
Jan.
Jan.
Jan.
Sept
Sept
Jan.
Jan.
Feb.
May
Sept
Sept
Sept
Jan.
Feb.
June
June
June
June
Jan.
1975
1975
1975
.1975
.1975
1975
1975
1975
1975
.1975
.1975
.1975
1
9
7
6
1976
15-16
, 197
6
16—17
, 197
6
19
76
1976
1975
 
Ohio
Men
tor
Sandusky
Avon
Lake
 
Medina
County
Midd
lebu
rg H
ts.
Fremont
Bedford
Perry
sburg
Tol
edo
Defiance
Bow
lin
g G
ree
n
Conneaut
Easterly
Rocky
River
Lake
wood
Mich
igan
Mon
roe
 
,
4
m
a
m
m
m
m
o
o
x
o
\
o
a
o
c
s
o
c
o
x
o
o
o
x
q
a
m
o
q
o
<
0
\
‘
Y
U
'
I
M
Q
M
N
r
—
C
M
N
r
-
{
M
M
I
A
N
C
D
0
‘
H7
-
!
7.5
13
 
<10
<10
<10
<10
<10
<10
<10
 
<10
<10
3
0
4
4
35
<10
<10
<20
69
<20
<20
80
1
8
<5
1-460
E- 68
1—3
47
E— 66
1—104
E— 33
I- 24
E-
14
<1
0
 
15
<10
3
0
41
11
 
<10
 
<2
<2
<5
<5
<5
<2
 
<3
0
<3
0
8
0
5
9
5
4
<30
<30
4
9
300
<75
1—289
E-182
1-249
E—169
I-<23
E—<23
I—<23
E-<23
7
0
 
 
30
100
130
77
45
0
43
63
1-477
E—193
1—564
E-270
I—3850
E—l400
1—442
E-128
6
4
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 TABLE 1.4-4
EP
A
RE
GI
ON
V
—
AN
AL
YS
ES
OF
WA
ST
EW
AT
ER
DISCHARGES TO LAKE ERIE 1975—76
  
Parameter
Po
in
t
So
ur
ce
Di
sc
ha
rg
es
Me
rc
ur
y
Le
ve
ls
>
.5
UE
/L
Ha
rs
ha
w
Ch
em
.
Co
.,
Bl
ac
k
Ri
ve
r
11
.0
ug
/L
Elyria, Ohio
Ha
rs
ha
w
Ch
em
.
Co
.,
ov
er
fl
ow
0.
8
ug
/L
Cadmium Levels > 150 ug/L
Ha
rs
ha
w
Ch
em
.
Co
.,
Bl
ac
k
Ri
ve
r
48
0_
84
0
ug
/L
Elyria, Ohio
Lead Levels > 100 ug/L
Harshaw Chem. Co., Black River
El
yr
ia
,
Oh
io
18
0—
2,
20
0
ug
/L
Ft
.
Wa
yn
e
WW
TP
Ou
tf
al
l,
Ma
um
ee
Ri
ve
r,
IN
19
0
ug
/L
Av
on
La
ke
ST
P,
Oh
io
11
0
ug
/L
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.
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6
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5
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5
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7
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7
51
6
47
4
56
'
2,
13
0
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76
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y
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01
61
4
39
1
21
8
39
:1
0,
20
0
J
1
1
”
“
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y
(1
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d
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a
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y
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s
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e
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n
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Tables 1.5—2 and 1.5—3.
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 Location and Date
Western Lake Erie 1971
Sandusky Bay 1972
Western Lake Erie
1973—74
Presque Isle Bay
Erie County, PA
1973
Presque Isle Bay
Erie County, PA
1974
 
TABLE 1.5-1
PLANKTON AND BENTHIC ANALYSES - LAKE ERIE
Sample, Contaminant
and Concentration
Benthos (chironomids) — mercury
(See Figure 1.5—1)
Chironomid larvae — mercury, 0.48 ppm
(range .22—.80) in presence of sediment
containing average of 0.6 ppm Hg
Zooplankton — Selenium, 2.54t0.14 ppm
dry weight
Benthos — trace of unidentified Aroclor
detected in one of 7 samples. DDT,
lindane, dieldrin and heptaclor were
not detected.
Benthos — DDT, lindane, dieldrin and
heptachlor all below detection limits.
(DDT—.05, lindane—.OO3, aldrin—(095,
dieldrin-.007, heptachlor—.005) a
(a) no units were given in submitted material — assumed to be ppm.
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Figure 1.5—11Wercury concentraﬁon in surface sedhnents
of western Lake Erie.
Source
52
53
54
55
 Table 1.5—2
ORGANOCHLORINE CONTAMINANT RESIDUES IN NET PLANKTON FROM OAKVILLE
CREEK AND THE GRAND RIVER, 1976 (WET WEIGHT ng/g) (i and 96%
CONFIDENCE LIMITS).
Chem
ical
# of
Anal
yses
Oakv
ille
Cree
k
Gran
d Ri
ver
 
PCB
'
21
i 6
HCB 5 TR ND 1
x —
BBC
5
ND
—
LIND
ANE
5
ND
—
B —
BHC
5
ND’
ND
HEPT
ACHL
OR
5
ND
ND
ALDR
IN
5
ND
ND
HEPT
ACHL
OR E
POXI
DE
5
TR
TR
THIO
DAN
I
5
ND
ND
THIO
DAN
II
5
ND
ND
DIEL
DRIN
5
1 i
1
2 i
1
ENDR
IN
5
2 1
2
—
pp'
DDE
5
3 i
l
-
op'
DDT
5
TR
ND
pp'
DDD
5
2 i
2
1 1
2
pp'
DDT
S
—
—
x —
CHLO
RDAN
E
5
~
2 i
2
y - C
HLORD
ANE
5
3 i 5
3 i 3
i
MIREX ' 5 ND ND
ND . non detectable
TR — trace
—- — less than 1 83
 Table 1 . 5—3
ORG
ANO
CHL
ORI
NE
CON
TAM
INA
NT
RES
IDU
ES
IN
AMP
HIP
ODS
FRO
M O
AKV
ILL
E C
REE
K
AND THE GRAND RIVER, 1976 (WET WEIGHT ng/gL (Q and
95% CONFIDENCE LIMITS)
Chemlca1
# Of Analyses
Oakville
Grand River
PCB
HCB
X-BHC
LINDANE
B - BHC
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
THIODAN I
THIODAN II
DIELDRIN
ENDRIN
pp' DDE
op' DDT
pp' DDD
pp' DDT
X - CHLORDANE
Y - CHLORDANE
b
b
b
b
b
b
b
h
b
b
ﬁ
-
v
ﬁ
b
b
b
b
b
b
ﬁ
MIREX
ND — non detectable
—- — less than 1
  
 1.6 DATA ON FISH CONTAMINANTS
Currently there are several fish contaminant monitoring programs
conducted in the nearshore areas of Lake Erie. New York
state has a "Statewide Toxic Substance Monitoring Program,"
within which fish from the vicinity of Lackawanna and Dunkirk
are analyzed on an annual basis. The Ont. Min. Env. and Min.
0f Nat- Res- analyze several species of fish from the Eastern,
Western and Central Basins, and from Wheatley and Long Point.
Most of the analyses evaluate mercury and PCB concentrations.
Within the activities of the Ohio EPA Pesticide Surveillance
Program, fish from the Huron and Chagrin Rivers are analyzed for
a number of pesticides and other chlorinated compounds. Within
the state of Michigan, there is a joint effort between the
Michigan Department of Natural Resources, Michigan Department
of Agriculture, Michigan Department of Public Health, U.S. Food
and Drug Administration (Detroit Office) and the U.S. Fish and
Wildlife Service (Ann Arbor Laboratory)to evaluate whether the
contaminant levels in fish that are being utilized by the
public are in excess of recommended maximum U.S. FDA levels.
This program is called the GLECS (Great Lakes Environmental
Contaminant Survey) Program. Within the jurisdictions of
Michigan, Ohio and Pennsylvania, the U.S. Fish and Wildlife Service
has a National Pesticide Monitoring Program underway. The results
of many of the above programs are summarized in this chapter.
Heavy Metals
Table 1.6—1 summarizes the mercury concentrations found in Lake
Erie fish tissue, particularly from 1969 to 1977 (Ref. 9,15,24,56,57,
58). In 1970 (59) it was found that mercury concentrations were
generally higher in western basin fish than in fish from the
eastern basin (Table 1.6—2). Studies by the Ontario Ministry of
the Environment show that mercury levels are declining in Lake
Erie fish tissue (24). Table 1.6—3 and Figures 1.6-1 and 1.6—2
illustrate the observed declines in mercury concentrations in
tissue of walleye and white bass.
Concentrations of other heavy metals in Lake Erie fish tissue are
shown in Table 1.6-4 (references 9,27,60,61) and Table 1.6-5(5)
and Table 1.6—11 (171).
Organic Compounds
Considerable data are available on PCB concentrations in Lake Erie
fish tissue, as shown in Table 1.6-6 (references 16,62—67). Data
on pesticide residues which are summarized in Tables 1.6—7, 1.6-8
and 1.6—9, were obtained from references 62-69. Herdendorf et a1
(67) attempted to determine contaminant trends in Lake Erie by
evaluating fish residue data within various areas of Lake Erie.
DDT and dieldrin levels appear to be decreasing. For PCBs
however, some decreasing trends were evident and in other cases,
85
 increasing trends were noted.
Herdendorf et al noted that
"differences in species and size sampled, tissues analyzed and
collection data make any comparison between data difficult and
unreliable."
Differences in sample preparation do exist among agencies,
and trend analysis will be meaningful only if standardized
procedures are adopted.
For example,
a filet may imply:
tissue
with skin removed; tissue with skin attached; or tissue from a
specific portion of the fish.
Whole fish analyses may imply:
the whole fish; or the whole fish minus the head, tail and
gutted.
More detailed analyses of fish from Ashtabula River were made
by
the Environmental Research Laboratory in Duluth (70).
At
least 19 compounds and isomers were identified and these are
listed in Table 1.6—10.
Tables 1.6—12 - 1.6—14 show the results of a recent PLUARG
study of organochlorine residues in shiners from several
Lake Erie tributaries (171).
  
Eggg Location §pec1es
,,,,,, 4-
1967-68 Lake Erie Brown Bullhead
Carp
Drum
Gizzard Shad
hold fish
Walleye
White Bass
Yellow Perch
00-. '69 Wheatley Yellow Porch
Nov '69 Erie Coho Salmon
1970 Western. Central
and Eastern Basins
(see Table 1.6—2)
Mar '70 Bonn Carp
Mar '70 ' Bono White Bass
Mar '70 Bono Yellow Perch
Mar '70 Sandusky Carp
Mar '70 Sandusky YVllow Perch
Mar '70 Sandusky Coho Salmon
Mar '70 Sandusky White Bass
Mar '70 Sandusky Channel Catfish
Mar '70 Sandusky Sheepshead
Mar '70 Sandusky Gizzard Shad
Apr. '70 Monroe Yellow Perch
Mar. '70 Bono Coho Salmon
Apr. '70 Monroe Coho Salmon
Apr. '70 Bono Channvl Catfish
Apr. '70 Monroe Channel Catfish
Apr. '70 Monroe Wallcyc
Apr. '70 Monroe Steulhund
Apr. '70 Sandusky Wallove
Apr. '70 Raisin PL. Wallvyv
Apr. '70 Raisin PL. White Bass
1971-1977 Lakv Erie Walleye and
Whitv Bass (sec
lablv 1.6-} and
Figurus 1.6-1
and 1.6-2)
1972 Presquo Isle White Bass
1972 Presque isle Porch
1972 Prcsquv 131v Wallvyv Pike
   
F:
W:
fillet
whole fish
   
TABLE 1.6-1
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MERCURY CONCENTRATIONS IN LAKE ERIE PIQH TISSUE
No. Mean Mean Pr.rr.1rm(.a)
Samaleé. Length 1m Wit’éilﬁniﬂt .123 Ma 1,2,5",
1
F
‘ F
E F
500# W
6000 5 W
10 622 4050 I F
15 260 246 F
13 215 136 F
15 546 2838 F
16 186 186 F
IA 434 840 F
15 297 400 F
13 388 604 F
15 378 708 F
15 340 472 F
10 212 132 F
12 442 894 F
4 467 1126 F
10 376 454 F
10 363 445 F
19 454 1050 F
2 454 922 F
10 472 1258 F
1 F
10 F
9 230 280
6 230 196
6 375 616
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 1.6-2
TABLE
MERCURY CONTENT IN EDIBLE TISSUE OF LAKE ERIE FISHES
 
(Ref. 59)
. Fall 1970
Species Basin
Western Central Eastern
Walleye 0.79 (25)8 0.65 (25) 0.33 (25) Hg (ppm)
Coho salmon 0.69 (20) 0.58 (10) 0.51 (13)
Yellow perch 0.61 (25) 0.49 (25) 0.29 (25)
White bass 0.60 (25) 0.72 (25) 0.43 (25)
Channel catfish 0.36 (25) 0.42 (20) -
Freshwater drum 0.67 (25) 0.62 (20) 0.30 (25)
Carp 0.23 (25) 0.35 (17) 0.36 (14)
White sucker 0.55 (24) 0.56 ( 8) 0.35 (25)
Gizzard shad 0.20 (25) 0.21 (15) 0.26 (18)
Smallmouth bass — 0.55 (14) -
Smeltb — — 0.30 (10)
a — Numbers in parentheses refer to number of fish used in composite.
b - Mercury content of the entire fish.
TABLE 1.6—3
MERCURY LEVELS IN LAKE ERIE FISH TISSUE
(Ref. 24)
(a) Walleye Mean Mean
Mean Range Z over Length Weight
Year N ppm ppm 0.5 ppm (cm) (gm)
1971 7 0.55 0.4—0.94 57 26 148
1972 101 0.58 0.14-1.35 76 34 426
1974 50 0.52 0.20—1.06 48 40 831
1975 72 0.68 0.15—1.98 51 45 NA
1976 192 0.31 0.09-1.25 8 35 447
1977 — — — — — —
(b) White Bass
1971 12 1.19 0.49—2.12 92 20 178
1972 149 0.53 0.08—1.96 34 24 200
1974 — — — — —
1975 61 0.77 0.12—1.57 85 31 457
1976 2 0.31 0.26-0.37 — 28 380
1977 92 0.21 0.06—1.06 5 28 316
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,, 1 , 7.
{Egg Location
1969 Erie, Pa. ”
1969 Erie, Pa.
1969 Erie, Pa.
1970-71 Eastern Basin
1970—71 Eastern Basin
1970—71 Eastern Basin
1970-71 Eastern Basin
1970-71 Eastern Basin
1970—71 Eastern Basin
1971 Western Basin
1971 Western Basin
1971 Western Basin
1971 Western Basin
1971 Western Basin
1971 Western Basin
1971 Western Basin
1971 Western Basin
1971 Western Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1971 Central Basin
1972 Western Basin
1972 Central Basin
1972 Central Basin
1972 Central Basin
1972 Long Point Bay
1972 Long Point Bay
1972 % Long Point Bay
1972 ‘1 Long Point Bay
____ -llvee_lls___,
(a) F: fillet
EP: "edible
W: whole f
7 361161} Fair's?"
Sgecies
White Sucker
Freshwater Drum
Coho Salmon
White Bass
Yellow Perch
Carp
Channel Catfish
Freshwater Drum
[Salmon
Walleye
Rock Bass
White Bass
Yellow Perch
Alewife
Catfish
Freshwater Drum
Gizzard Shad
Rock Bass
Smallmouth Bass
White Bass
Yellow Perch
Alewife
Burbot
Freshwater Drum
Gizzard Shad
Pickerel
Yellow Perch
White Bass
Rock Bass
Burbot
Smelt
‘Alewife
White Bass
Smailmouth Bass
White Bass
Yellow Perch
Smallmouth Bass
 
White Bass
1
iYellow Perch
{White Bass
1
2 1-1" ., _,
portion"
ish
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1.6—6
ANALYSES OF LAKE ERIE FISH TISSUE
 
PCB ANALYSES
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1 3
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30 _ 1 _ - g 2.1 62
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0—4
.3)
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—
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(1.
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.5)
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—
—
. -
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‘
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-2.4
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2.0
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.
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1.0
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—
I
1
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10
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23o
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2.2
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10
i -
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—
0.9
6
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7
Z
—
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-
3.0
62
2
1 —
518
—
5.0
62
9
1
—
106
-
1.4
62
6
‘
_
92
‘
2.
6
62
8 180 0.33 62
2 1449 5.6 62
11 160 1.6 62
10 102 0.34 62
1 106 2.1 62
1 185 0.3 62
9 407 3.7 62
9 72 3.4 62
5 440 0.94 62
29 120 0.65 62
31 170 1.5 62
9 170 0.36 62
2 180 0.45 62
7
30
1.3
62
8 100 _ 2.9 62
18 120 5.6 62
18 E 292 1 0.73 62
3°
‘
161
1
0.9
6
(,2
30 I 98 1 0.25 62
18 1 169 0.7 62
: (0.52—0.89) 62
30 1 169 1 1.0 62
1
.
(0.
6—1
.7)
62
30 98 '. 1 0.25 62
i
1
; (
0.18
-0.3
3)
62
18
120
l
5.6
62
   
TABLE 1.6-6 CONT'D
         
No. Mean Mean Z Portion Mean PCB
Yei Location Sgecies Samgles Length (ml Weight (gm) ___Al\_aiyz_ed_ Conc. m Soui
1973 Central Basin Smelt 10 30 0.50 62
1975 Point Pelee Minnow l 120 1.0 62
(0.95—1.8) 62
1975 Pt. Colborne Minnow 70 0.22 62
(0.05-0.85) 62
1975 Pt. Rowan Minnow 70 0.08 62
(0.04—0.16) 52
1975 Turkey Point Minnow 60 0.14 62
(0.10-0.17) 62
1975 Pt. Rowan Spot Tail Shiners 5 65:4 2.110.6 0.06:0.03 62
1975 Pt. Pelee Spot Tail Shiners 5 63:3 l.8:0.2 0.84:0.40 62
1975 Pt. Colborne Spot Tail Shiners 5 61t3 1.2:0.3 0.8-:0.03 62
1975 Tremblay Creek Spot Tail Shiners A 65-:5 3-411-9 0.28t0.21 52
1976 Central Basin Freshwater Drum 8 5-52 0.88 63
1976 Central Basin White Bass 2 8-43 0.1 63
1976 Central Basin Alewife 22 23.74 0.38 63
1976 Central Basin Yellow Perch 21 3-32 0.29 63
1976 Western Basin Freshwater Drum 23 4'62 0.63 63
1976 Western Basin Yellow Pickerel 11 3-7 0.7 63
1976 Western Basin Yellow Perth 10 2-1 0.58 63
1976 Western Basin Coho Salmon 9 2-65 1.4 63
1976 Western Basin Yellow Perch 31 1-76 0.6 63
1976 Western Basin Yellow Walleye 2 21.3 4.6 63
1976 Long Point Bay Smelt 75 2-0 0.32 62
(0.25—0.95) 62
1976 Wheatley Dock Smelt 75 1-6 0.59 62
(0.20—0.95) 62
1976 Western Basin White Bass 3 ‘ 343 7.2 0.26 58
1976 Western Basin Gizzard Shad 27 138 11.4 0.02 58
1976 Western Basin E.Shiners 60 85 6.7 0.06 58
1976 Western Basin Smelt 60 196 3.5 0.06 58
1976 Western Basin Alewife 21 143 3.5 0.02 58
1976 Western Basin Spotted Tail Shiners 60 223 3.8 0.05 58
1976
Whole lake
All species
3000
0-03‘152
9
1976 Erie, Pa. Yellow Perch 5 F 0.23 15
1976 Erie, Pa. White Sucker 5 F 0.05 16
1976 Erie, Pa. White Crappie S 17 0.19 16
1976 Erie, Pa. Channel Catfish, F
Brown bullhead S 0.93 16
1976 Lake Erie Yellow Perch lo 193 Hp 0.18 16
1976 Lake Erie White Bass 4 213 5}: 0.32 16
1976 Lake Erie Smallmouth Bass 3 287 [F 0.44 15
1976 Lake Erie Rainbow Trout 1 533 1313 0.34 16
1976
Lake Erie
Walleye
l
368
EP
0.11
16
1976 Lake Erie Coho Salmon 1 526 E]: 0.74 16
1976
Presque Isle Bay Yellow Perch
2
267
[3p
0.33
16
1976 Presque Isle Bay Walleye 1 358 [312 0.22 16
1976 Presque Isle Bay White Crappie l 236 E? 0.38 16
1976
French Creek
Smallmouth Bass
1
241
E?
0.17
16
1976 J___£‘.‘odfrey Coho 778211117191: > V I V I ‘ 6 r r J r "4786 WV 7 ‘ '7 V L 7' v m (VF) A. 36 16
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Sandusky Bay
David 3935?
1
Year Location i
. . _ ,l
1976 ‘1 r
1977 1 Dunkirk
1977 Dunki rk I
1977 Dunkirk i
1
1977 1 Dunkirk
1 1
i f
1977 .‘ Dunkirk t
1 .
1977 ' Dunkirk !
1 1
1977 1 Athol Springs 1
1
1977 1 Western Basin 1
(Apr.—ﬁhg)
X977 ; Central Basin 1
Aug. 1 1
1
1 1
1
1977 1 Godfrey Run ‘
1
1977 ; Godfrey Run 1
1977 Lagoons of
1 Presque Isle Bay
1
1977 1 Maumee River ‘
1
1
1
   
(d)
Aroclor 125/4 concentratinngz
§2§2¥§
Rainbow Trout
Bram] X'rnut
Coho Sdlmon
Smd l lmuuth Buss
Yellow Porch
Walleye
Smal 1mnuth Bass.
Cnho Salmon
(2011:: SA lmun
Rainbow Trout
Brown Trout
Largcmouth bass
Shad, perch,
rarp, drum
catfish
 
.
_
_
_
_
;
_
_
_
‘
:
NU.
§9§21§§|£§3g£hnﬁmu)
30
21
20
TABLE 1.6-6 CONT'D
lMedn
517
52!
$36
4&5
510
370
620
300
305
 
Arm‘lur 12/48 not dctw'tcd.
 
Mann
.149}th (gm),
1495
640
673
    
Z , Mean PCB
Portlon
LiBid Analyzed Cont. (ppm) Source
(f) 3.71 16
8,2 1.21 64
(0.46—2.66) 64
11.3 1.57 64
9.2 0.86 65
(0.7~O.99) 64
3.5 1.3 64
(0.A3—2.31) ‘ on
0.8 0.23 1 64
(0.13—0.41) 6A
3.8 0.56 6“
(0.13—1.36) ‘ ha
1
3,2 0.88 1' 54
(0.28—1.53) 5
4.0 (f) 0.52 1 65
(0.23—0.98) 1 65
5.5 (f) 0.51 1 65
(0.17—1.2) 1 65
0.533 1 65
1
(a) 1
EP 0.6 1 66
F l.1(a)
N,D. 1 66
See Table 1.6—8 67
 
A M .... l__
 
.
.
#
7
-
;
I
TABLE 1.6—7
PESTICIDE RESIDUES IN LAKE ERIE FISH
 
Average Concentrations PPM
(Ranges in Brackets)
 
Hepta—
No.
Mean
2
Portion
chlor
CHLOR—
Year
Location
Species
Samples Length Lipids
Analyzed
Epoxide
ZDDT
DDE
TDE DIELDRIN ENDRIN DANE MIREX SOURCE
(mm)
9
5
 
1974 Port Clinton
White Bass
280
9.8
W
3.2 2.5 .47 .13
68
Ohio
Walleye
440
16.4
Carp
353
10.3
1974
Erie, PA
Freshwater Drum
12.1
Yellow Perch
4.5
.98 .43 .49 .14
68
.21
.06
.15
.03
68
.10 .10
68
.06 .06
68
.02
.02
68
 
3
3
3
3
3
White Sucker
5.8
1974—75 Pt. Colborne
Spot Tail Shiners
61f3
l.2f.3
0.001:.001 .03f.02
N. .
N.D. N.D.
62
D
1975
Pt. Rowan
Spot Tail Shiners
65:4
2.1t0.6
.001t.001 .l3f.07
N.D.
N.D. N.D.
62
D
D
1975
Pt. Pelee
Spot Tail Shiners
63f3
1.8f0.2
ND
.09f.02
N. .
N.D. N.D.
62
1975
Trembley Creek
Spot Tail Shiners
65:5
3.4f1.9
.002f.001 .08f.05
N.
1975-76 Wheatley Dock Smelt
1975-76 Long Point Bay Smelt
N.D.
N.D.
62
N.D.
62
N.D.
62
N.D.
62
N.D. 62
r
—
d
1975—76 Turkey Point Minnow
1975—76 Point Pelee
Minnow
1975—76 Pt. Rowan
Minnow
1975—76 Pt. Colborne Minnow
N.D.
2
N.D.
62
5.52
0.11 0.05 0.06 0.05
63
8.43
0.09 0.03
0.06 0.17
63
23.7
0.16
0.05
0.10
0.09
63
2.36
0.06
0.03
0.03
0.03
63
4.41
0.07
0.03
0.04
0.03
63
1976
Central Basin
Gizzard Shad
7
12.2
0.15
0.05
0.10
0.08
63
1976
Central Basin
Emerald Shiner
60
7.7
0.10 0.04 0.05
0.04
63
1976 Central Basin
Freshwater Drum
1976 Central Basin White Bass
1976 Central Basin Alewife
m
m
m
q
m
m
o
m
o
o
w
N
N
r
—
i
r
—
i
N
N
1976 Central Basin
Yellow Perch
1976 Central Basin Yellow Perch
0
"
1976
Central Basin
Rainbow Smelt
65
3.49
0.06 0.03 0.03
0.03
63
1976
Western Basin
White Bass
3
7.2
0.43
0.20
0.23
0.16
63
1976
Western Basin
Gizzard Shad
27
11.4
0.14
0.05
0.09
0.08
63
1976
Western Basin
Emerald Shiners
60
6.68
0.12 0.06 0.06
0.05
6%
1976
Western
Basin
Smelt
60
3.48
O
08
0
04
0
04
0
03
(1
n
-
.
.
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 TABLE 1.6—7 (CONT’D)
PESTICIDE RESIDUES IN LAKE ERIE FISH
Average Concentrations PPM
(Ranges in Brackets)
Location Species
Portion
Anal
yzed
Hepta—
‘
chlor \(ﬂn
Epoxide DIELDRIN EVDRINlem
 
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Ashtabula River
Dunkirk
g
)
Dunkirk
Dunkirk
Dun
kir
k
Athol Spring
Dunkirk
Dun
kir
k
Godfrey Run
Godfrey Run
Godfrey Run
  
Alewife
Spot Tail Shiners
Freshw
ater D
rum
Yellow
Picker
el
Yellow Perch
Coh
o
Sal
mon
Yellow Perch
Yellow
Walley
e
See Tabl
e 1-6-10
Rainbo
w Trou
t
Brown Trout
Coho
Salmo
n
Smallmouth Bass
Smallmouth Bass
Yellow Perch
Walleye
Coho Salmon
Rainbo
w Trou
t
Brown Trout
     
T
0.13
(0.03—0.19)
0.17
(0.16—0.19)
0.09
(0.07
—0.11
)
0.
14
(0.06
—0.27
)
0.08
(0.03-0.13)
0.
02
(0.01—0.03)
0.
07
(0.02
—0.14
)
0.15
0.18
 
.30
    
0
,
0
0
i
‘0.00
0
.
0
0
.00
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SH
Aver
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entr
atio
ns P
PM
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es in
Brack
ets)
Ye
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tion
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s
No
.
Sam
ple
s
%
Lipids
Po
rt
io
n
An
al
yz
ed
Hepta—
chlor
Epox
ide
IDDT
DDE
TDE
DI
EL
DR
IN
19
77
1977
1977
1977
19
77
1977
9
7
 
(Fa
ll)
 
Du
nk
ir
k
Du
nk
ir
k
Dun
kir
k
Wester
n Basi
n
Cen
tra
l B
asi
n
Maumee
River
Lake
Erie
—
David
Besse
San
dus
ky
Bay
 
(a)
Rai
nbo
w T
rou
t
(a)
Brown
trout
Coh
o S
alm
on(
a)
Coh
o S
alm
on
Co
ho
Sa
lm
on
See Table 1.6-8
 
1
1
l
l
20
 
538
 
14.9
   
0.
17
(0.08
—0.29
)
0.
16
(0.1
-0.2
9)
0.11|
(0
.0
8—
0.
17
)
    
(a)
HCB
Anal
yses
also
perf
orme
d. Resu
lts
belo
w de
tect
ion
limi
t 0.
01.
     
  
TABLE
1.6‘8
PESTICIDE
AND
PCB
RESIDUES
IN
LAKE
ERIE
FISH
—
FALL
1977
(Reference
67)
R E
S I D U E
C O N
C E N T R A T
I O N S
(p p m)
LOCATION SPECIES
TISSUE
NO.
OF
WEIGHT
Z
TOTAL
trans-
cis-
HEPTACHLOR
ANALYSES
(8)
LIPID
DDE
DDD
DDT
DIELDRIN
ALDRIN
CHLORDANE
CHLORDANE
BHC
EPOXIDE
LINDANE
PCB
 
C
A
M
E
O
-
r
4
0
Shad
Whole Body
Shad
”
Perch
"
Perch
Carp
Ca
rp
Drum
Drum
Perch
Filet
14,25,26
25,83,170
112,116,130
74,103,105
616
620
189.9
132.3
.03
.08
.11
.017
ND
.01
.03
<.01
ND
<.01
.69
.05
.12
.05
ND
.01
.05
<.01
<.01
ND
1.72
.03
.04
.07
<.01
ND
<.01
.02
<.01
<.01
ND
.44
<.01
.02
.02
<.01
<.01
<.01
<.01
ND
.35
.02
.05
.07
.01
ND
<.01
.02
<.01
ND
.21
.02
.04
.06
.01
ND
<.01
.02
<.01
<.01
.04
.03
.08
<.01
ND
<.01
.01
<.01
<.01
.26
.03
.05
.08
.01
ND
<.01
.02
<.01
<.01
.04
.13
<.01
ND
<.01
.03
<.01
<.01
O
O
’
\
C
7
\
r
-
0
1
\
m
m
m
O
N
N
O
M
N
H
r
—
i
r
-
(
v
—
{
r
-
O
I
—
I
r
—
{
r
—
l
M
M
C
’
W
M
I
—
l
v
—
i
r
—
‘
H
N
r
—
(
M
M
M
M
M
M
M
O
N
r
—
i
N
x
‘
a
n
m
N
O
‘
n
—
i
r
—
I
H
232.1
.07
.21
.06
ND
.01
.04
<.01
<.01
.05
.09
.14
<.01
.04
<.01
.03
<.01
ND
Perch
Carcass
Perch
Filet
108
Perch
Carcass
.03
.06
.11
.02
ND
.01
.03
<.01
<.01
F
i
s
h
Catfish
Carcass
Perch
Carcass
599
.32
.46
.04
.04
.09
.01
.01
.26
.40
.06
ND
.08
.03
ND
154.8
.01
.01
<.01
<.01
<.01
<.01
<.01
.33
.02
_
ND
.05
<.01
<.01
Perch
Filet
Catfish Dressed
Fish
Catfish Carcass
Catfish Dressed
Fish
Catfish Carcass
331.8
.18
.39
<.01
.03
.07
.01
.17
.14
.02
294
Catfish Dressed }
.63
.08
ND
.06
.13
.01
.02
.27
.46
.14
.26
.06
.14
.03
       
- None detected
Location:
1 — MAUMEE
RIVER
(Toledo
Edison Plant at river
mouth)
T
- Trace
2 — LAKE ERIE-DAVIS BESSE
3 — SANDUSKY BAY (outer bay)
   
TABLE 1.6—9
SUMMARY OF GLEC§k DATA
LAKE ERIE FISH
   
(Ref. 69)
Concentrations — ppm
Date
Site
Species
No.
DDT
PCB
Mercury
Dieldrin
1974
Monroe
Carp <5 lbs
4
.28
3.7
.34
0.0
Carp >5 lbs. 8 .36f.26 3.9f1.6 .27f.07 .01
1974
Monroe
Catfish >17"
3
.31
2.97
.66
.00
Catfish 17—20”
2
.43
3.00
.20
.09
1974
Monroe
Drum
10
.01
.52fl.0
.43f.l6
.00
1974
Monroe
Yellow Perch
24
.00
.03
.36
.00
1974
Monroe
Walleye
12
.O6f.l6
.22t.40
.33f.23
.01
1974
Monroe
White Bass
6
.02
2.18t1.22
.63f.14
.01
1975
Monroe
Carp <5 lbs
11
.lBt.ll
3.17i1.95
.21f.ll
.01
Carp >5 lbs. 1 .24 3.9 .41 .01
1975
Monroe
Catfish >17"
5
.16f.l3
3.29fl.85
.23f.09
.02
Catfish 17—20" 2 .30 5.65 .30 .01
1975
Monroe
Drum
12
.00
.11
.38f.29
.00
1975
Monroe
Salmon
8
.04f.04
.38f.34
.06
.02
1975
Monroe
Walleye
13
.01i.02
.34i.42
.3lf.24
.00
1975
Monroe
White Bass <10"
2
.00
.55
.39
.00
White Bass >10"
6
.02f.03
1.78fl.10
.73f.18
.03f.03
1975
Monroe
Rainbow Trout
l
.04
.70
.00
.01
1975
Monroe
Chinook Salmon
6
.06f.02
.25f.17
.06
.04
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 TABLE l,6—]_O
CH
LO
RI
NA
TE
D
OR
GA
NI
CS
DE
TE
CT
ED
IN
TI
SS
UE
OF
FI
SH
FR
OM
AS
HT
AB
UL
A
RI
VE
R
—l
97
6
—
ER
L
—
DU
LU
TH
Tetrachlorobenzene I
Pentachlorobenzene
Hexachlorobenzene
Hexachlorostyrene I, II
Heptachlorostyrene I, II
Octachlorostyrene
Cis- chlordane
DDE
100
Tetrachlorobutadiene I, II
Pentachlorobutadiene I, II
Hexachlorobutadiene
Tetrachloropropene
Pentachloropropane
Pentachloronorbornene
Trans-nonachlor
lTabl
e 1.
6-11
HEAVY
METAL
RESID
UES I
N SPO
TTAIL
SHINER
S, 19
77 (p
g/g)
(MEANS
AND 9
5% CO
NFIDE
NCE L
IMITS)
 
SITE LO
CATION
Sample
T.L.
% Lipid
Hg
Cu
Zn
Pb
As
No
(mm)
GEORG
IAN B
AY
Nottawa
saga Ri
ver
10
58:2
8i0.l
0.035i0
.003
—*
—*
-*
—*
LAKE ST
. CLAIR
Thames
River
10
58:2
l.5t0.2
0.062t0
.004
—*
—*
—*
-*
(Trembl
ay Cree
k)
23 LAKE ERIE
H
Detroit Ri
ver
9 57:
2 O.9
tO.l 0.
093i0.0lO
1.57:0.3
29:2
0.13:0.008
(Big Creek)
Sturgeon C
reek
10 58
:2 l.
6:0.2 0
.056:0.004
—*
-*
—*
—*
Grand Rive
r
10 45
:2 l.
5t0.l 0
.037i0.010
—*
—*
—*
—*
LAKE ONTARIO
Niagara River
10 51:3 2.
910.l 0.074i0.008
l.27i0.3 32:4
0.21:0.020
Burlington Beach
9 55:3 5.3
:o.5 o.o39:o.006
—* ~*
—* —*
Humber River
10 62:2 7.
2:o.3 o.o44:o.oo3
1.22:0.2 26:1
0.09:0.009
Salmon Riv
er
10 78
i2 3.
8:0.2 0
.01: 0.004
—*
—*
—*‘ ~
—*
*
not
analyzed
for
   
1
0
2
Table 1.6-12
ORGANOCHLO
RINE CONTA
MINANT RES
IDUES FOUN
D IN EMERA
LD SHINERS
IN OAKVILL
E CREEK AN
D THE GRAN
D RIVER, 1
976 (ng/g)
(§ and
95% con
fidence
limits)
No. Total Lengt
h % Lipid pce
HCB Lindan
e .BBHC Heptachl
or Aldrin
Samples
(mm)
LOCATION
XBHC
LAKE ONTARIO
Oakville C
reek
1402:473
12:4 5:4
2:1 1
:1
ND
ND
LAKE ERIE
Grand Rive
r
10
4.3:O.9
554:75
ND 5:2
2:1 N
D N
D
ND
Grand River
8
2.6:O.2 146:8
ND 6:2 3:1
— ND
ND
(young-of—the-year)
Continuation of above
Thiodan Dieldrin E
ndrin op'
DDT pp' DDD pp' DD
T X-Chlordane Y-Ch
lordane Mirex
I & IT
pp' DDE
LOCATION
Heptachlor
Epoxide
LAKE ONTARIO
Oakville Creek
2:1 ND
7:2 2:1 182:
73 18:7 28:10
6:3 20:7
19:3 39:8
LAKE ERIE
Grand River
2:1 ND
13:6 ND
Grand River
1:0 ND
5:2 —
11:2 2:1
3:2 7:2
ND
(youn
g-of—
the—y
ear)
ND — non detectable
- — Le
ss than
1
 Ta
bl
e
1.
6—
13
ORGA
NOCH
LORI
NE C
ONTA
MINA
NT R
ESID
UES
FOUN
D IN
SPOT
TAIL
SHIN
ERS
IN S
OME
ONTA
RIO
DRAI
NAGE
BASI
NS,
1977
(i
and
95%
con
fid
enc
e l
imi
ts)
(ng/g>
LOCATION
No.
Sam
ple
s
Total
Lengt
h
(mm
% Lipid
PCB
ZDDT
MireX HC
B
XBHC
Lindane
GEORGIAN BAY
Nott
awas
aga
Rive
r
LAK
E S
T C
LAI
R
Thames R.
(Tremblay
Creek)
LAKE ERIE_
Detro
it Ri
ver (
Big Cr
eek)
Stur
geon
Cree
k (P
t. P
elee)
Grand
River
"
LAKE
ONTAR
IO
Niaga
ra Ri
ver
Burling
ton Bea
ch
Humbe
r Riv
er
Salmon River
 
1
0
3
10
10
10
1
0
10
10
10
C
h
0
O
+
|
+
|
+
l
+
1
H
m
m
N
O(
“
I
N
N
L
O
F
M
OC
O
901
7
641
11
447
141
467
170
561
7
6541105
833169
21751155
112120
106
1 7
121
4
71113
133128
121 1
150
120
267
124
276
136
44
17
ND
ND
ND
N
D
ND
ND
N
D
ND
N
D
ND
ND
ND
ND
Con
tin
uat
ion
of
abo
ve
LOCATION
B
B
H
C
Heptach
lor Epo
xide Die
ldri
n En
dri
n
xChlordane YChl
orda
ne
Heptachlor
Aldrin
GEORGIAN BAY
Nottawa
saga Ri
ver
u
LAK
E S
T.
CLA
IR
Thames R.
(Tremblay
Creek)
LAKE
ERIE
Detr
oit
Rive
r (
Big
Cree
k)
Stur
geon
Cree
k (P
t. P
elee)
Grand
River
LAKE
ONTAR
IO
Niaga
ra Ri
ver
Bur
lin
gto
n B
eac
h
Humbe
r Riv
er
Salmo
n Riv
er
ND
ND
ND
ND
ND
714
111
ND
ND
ND
ND
ND
N
D
ND
ND
ND
18
11
ND
ND
ND
ND
ND
ND
ND
4
1
1
ND
31
2
N
D
ND
1112
ND
2818
2316
57111
1213
ND
ND
N
D
ND
ND
ND
ND
ND
N
D
ND
ND
N
D
ND
ND
N
D
ND
ND
ND — non—detectable
 1
0
4
Table
1.6-14
 
ORGANOCHLO
RINE CONTA
MINANT RES
IDUES IN A
DULT EMERA
LD SHINERS
FROM OAKVI
LLE CREEK
AND GRAND
RIVER(1976
)COMPARED
TO
ADULT EMER
ALD SHINER
S FROM NOT
TAWASAGA A
ND SAUGEEN
RIVERS (19
77), (Hg/g
) (X and 9
5% confide
nce limits
)
LOCATION NO.
Analyses
Total Length
(mm)
% Lipid
PCB
ZDDT
Mirex
HCB XBHC Lindane
Oakville Creek 10
Grand River
10
Nottawasaga River 10
Saugeen River
10
1402:47
3 235
:124
554:75 116:20
241:72 160:9
188:2} 100:18
39:8
ND
ND
ND
12:4 5:4 2:1
ND ND 2:1
ND 7:1 1:1
ND 2:1 2:2
Continuation of above
LOCATION
BBHC Heptachlor Heptachlor Epoxide Aldrin Dieldrin Endrin
XChlordane YChlordane
Oakville Creek
1:1
Grand River
ND
Nottawasaga River
ND
Saugeen River
ND
ND
ND
ND
ND
ND 7:2
ND
14:7
ND
12:5
ND ND
20:7
19:3
11:6
13:6
3:1 14:2
16:5 ND
ND
- non-detectable
1.7
 
DATA ON WILDLIFE
Analyses of herons, starlings and herring gull eggs from the
Lake Erie Basin are summarized in Tables 1.7—1 and 1.7—2
(references 71—74). Because most of the analyses are recent,
no trends can be determined.
In
te
ns
iv
e
an
al
ys
es
of
re
si
du
es
in
fi
sh
—e
at
in
g
bi
rd
s
of
La
ke
Er
ie
ar
e
cu
rr
en
tl
y
un
de
rw
ay
,
an
d
pr
el
im
in
ar
y
re
su
lt
s
ma
y
be
av
ai
la
bl
e
by
Ju
ly
197
9.
Th
e
pr
og
ra
m
is
to
co
nt
in
ue
un
ti
l
March 1980.
105
 TABLE 1.7-1
WILDLIFE ANALYSES '
NO.
LOCATION
SPECIES
ANA-
LYZED
R E S I D U E S, p p m
w e i g h t
 
HEPTA—
DIELDRI PCBs CHLOR
EPOXIDE
OXY- MERCURY MIREX PHOTO— INFORMATION
CHLORDANE
MIREX
SOURCE
1
0
6
 
Oak Harbor
Herons
25
Port Clinton,
Ohio, 1972
Wood County
Starlings
10
Ohio, 1974
Jefferson
Starlings
10
County,
New
York
1974
Lake Erie
Herring
42
1974 and
Gull Eggs
1975
Port
Col—
borne
1975 Herring 12
1977
Gull Eggs 10
Middle
Is.
1975
Herring
10
1976
Gull Eggs
10
     
0.092
0.13
0.009
ND
0.006
0.005
0.30
65.8
0.14
(0.10-
(41.2-
(0.04-
0.69)
110)
0.28)
.36:.12 52.7:12.6 .15:.O3
.31t.09 78.1:23.7
(Aroclor
1254/1260)
.28t.17 70.7:13.4 .llt.05
.311.09
78.1:24.0
(Aroclor
1254/1260)
       
See
Table
71
1.7-2)
0.008
72
TR
72
—
0.22
73
(
0
.
1
1
—
0.35)
.40i.16
74
.39t.34 .14t.12
.22:.06
74
.391.34 .14:.12
    
 
 Mer
cur
y c
once
ntra
tion
s (
ppm
fre
sh
weig
ht)
in g
rea
t b
lue
her
ons
, b
lac
k—c
row
ned
nigh
t h
ero
ns
and
Ame
ric
an
egre
ts
coll
ecte
d
TABLE 1.7-2
dur
ing
Aug
ust
and
Sep
tem
ber
197
2 f
rom
the
sou
thw
est
ern
Lak
e E
rie
regi
on.
Age
Loc
ati
on
of c
olle
ctio
n
Species
Tis
sue
 
Bre
ast
mus
cle
Liver
Brain
Primary
wing f
eathers
X
Range
Range
I
N
Ran
ge
X Range
 
Ad
ul
t:
Win
ous
Poin
t S
hoot
ing
Club
:
Grea
t bl
ue h
eron
Bla
ck—
cro
wne
d n
igh
t h
ero
n
Ame
ric
an e
gret
Wes
t S
ist
er
Isl
and
Blac
k—cr
owne
d ni
ght h
eron
Ame
ric
an
egre
t
1
0
7
Juvenile:
Win
ous
Poin
t S
hoot
ing
Clu
b:
Gre
at
blu
e h
ero
n
Wes
t S
ist
er
Isl
and
:
Bla
ck-
cro
wne
d n
igh
t h
ero
n
Nest
ling
:
Wino
us P
oint
Shoot
ing C
lub:
Grea
t bl
ue h
eron
West
Siste
r Is
land:
Grea
t bl
ue h
eron
Bla
ck-
cro
wne
d n
igh
t h
ero
n
Americ
an egr
et
N
N
M
N
H
N
N
N
.
1
9
—
.
4
0
.
2
7
—
.
3
6
.6
5—
.6
8
1.10-1.13
.
3
1
.
1
7
-
.
2
7
.
3
6
—
.
5
9
.12
.07
—.1
9
.
6
2
.5
5
.
5
0
.56
-.6
9
.53
—.5
7
.
4
0
-
.
6
0
1.
60
1.42
.
9
3
3.16
1.26
.
8
0
1.05
—1.2
7
.
6
7
—
8
.
0
8
1
1.09—
2.46
3.29—2.98
1.05
1.30—2.12
.
8
4
—
2
.
0
0
.7
4-
1.
23
1.98-
4.34
.7
7-
1.
‘7
6
.6
5—
.9
5
.
1
4
—
.
2
2
.
2
4
—.
2
9
.
3
8
—
.
4
7
1.10-
1.18
.
4
3
.
1
7
—.
2
7
.2
6-
.6
2
.12
.08—
.15
.
2
8
.
3
2
.
1
8
.2
4-
.3
1
.2
0—
.4
5
.1
5-
.2
1
3.83
2.
72
—3
.5
7
5.
10
3.
79
—6
.0
0
10.49—12.5
4.92
3.
42
-4
.2
7
1Ana
lysi
s i
ndic
ated
at l
east
8.08
ppm
H
g
.
Preci
se me
asure
ment
of the
Hg
con
cen
tra
tio
n be
yon
d t
his
leve
l w
as
not determined.
  
 SI. ﬂlﬂllhllWHI [All SI. lllﬂlll,
llHIIllll WHI BISIIS
Annual samplingprogramson the Detroit River have occurred consistently
since 1967. Specific details of the programs are described in the
Surveillance Subcommittee's 1977 report (75) to the Water Quality
Board, and the results are reported in the Subcommittee's Annual
Reports. Data on the Detroit River prior to 1967, are found in such
documents as the: "Proceedings of a Conference in the Matter of
Pollution of the Navigable Waters of the Detroit River and Lake Erie
and Their Tributaries in the State of Michigan"(3), and the report
"Water Pollution Investigation: Detroit and St. Clair Rivers.”
The latter report (76) reviews historical chemical and biological
data, as well as data obtained in 1973. A recent report by the Ont.
Min. of Nat. Resources (174) reviews past and existing environmental
monitoring programs on Lake St. Clair — St. Clair River.
2.1 DATA ON WATER QUALITY
Tables 2.1—1 and 2.1—2 Show the changes in concentrations
of metals from the beginning of St. Clair River to the mouth
of the Detroit River (76,77). Increases in cadmium, chromium,
copper, lead and nickel are observed, especially downstream
from the Ecorse River.
Table 2.1—3 lists the organic compounds found during the EPA
study to detect previously unrecognized pollutants in surface
waters (l8) and during the Health and Welfare Canada national
survey of halomethanes in drinking water (78). Table 2.1—4
shows the results of the Michigan Department of Natural
Resources survey of water quality in the Detroit and St. Clair
Rivers (77).
A recently published PLUARG report (170) lists the concentra—
tions of pesticides found in the Big Creek (AG—1) and Holiday
Creek (AG—5) watersheds which eventually drain into Lake St.
Clair via the Thames River. Table 1.1—11 describes the
watershed sizes and tables 1.1—12 t0 1.1-22 show the detected
concentrations of pesticides.
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Date Station(s)
TABLE 2.1-1
 
HEAVY
METAL
CONCEN
TRATIO
NS IN
WATERS
OF DET
ROIT R
IVER,
LAKE S
T. CLA
IR; ST
. CLAI
R RIVE
R
Sample
s
As
Cd
Cr
pp
b
(u
s/
L)
Co Cu
(a)
Pb
“8
Se
Ag
Infor
matio
n
Sou
rce
 
1972—77
1973—77
 
1973—77
1977
L4
Id
(3
Port Huron WT
St. Cl
air Ri
v
Detroit Water
Works
Detroit River
Ecorse River
Detroi
t Rive
r
Range 3.9
Near Rockwo
2,500'
from w
.
5,500'
from w
.
7,500' from w.
9,50
0'
fro
m w
.
11,500' from w.
P
e
r
0d
shore
shore
sho
re
sho
re
shore
10
<l-l
10
<l—
.2
5
1—
3“
)
N
N
N
N
N
<.l—.5 1-5
<.l—1
2-4
<l-l
2—50”)
4—6
10—14
10-12
10—13
10—12
6—
11
<.l-.5
<.2-.l
<.l-.l
<.l—.l
<.l
<.l
—.l
<.l
<5—
10
<5-9
10—22
<2
<2
<1
<l_l<b)
<1_
l(b
)
<1_
3(b
)
7
7
77
77
 
(a)
tota
l me
tal
unle
ss o
ther
wise
spec
ifie
d
(b)
diss
olve
d f
ract
ion
 
~43
A
~A .
/\ 7
‘
V.— \___
 
1 TABLE 2.1—2
1 HEAVY METAL CONCENTRATIONS OBSERVED IN WATER AND
SEDIMENTS OF DETROIT AND ST. CLAIR RIVERS DURING
1973-74 — EPA CONTRACT NO. 68-01—1570(76)
 
Water (pg/L)
 
Range of Means of
|' LOCATION Heavy Metal Concentrations Sediment (mg/kg)
i ‘ Cd Cr Cu Pb Hg Ni Zn
E St. Clair River - Mouth Lake 2.7-5.4 4.8—6.0 2.2—2.3 3.3-4.6 10—20 51-111
T Hu
ron
(2 si
tes)
20-30
11—16
6-29
.18
10-32
33-59
I) Detroit River - Peche Island .29-.33 4.8—9.1 4.6—7.1 2.0—2.7 4.0—4.4 14—16 63-87
i Area (3 sites) 1.4—2.6 30-87 9-14 15-30 .19-.5O 24-32 44-81
Detroit River - below .25—.33 6.7-16.7 15-16.3 4.1-9.6 1.5-3.6 18-26 65-89
Mouth of Ecorse River 1.8-8.5 32—962 16—116 27-289 .19-.6l 19—142 77-335
{ (2 sites)
I M
outh
of De
troit
River
.3l—.
95
4.3—1
7.l
5.8-1
2.0
3.4-9
.2
2.4-3
.1
15-31
65-84
Lake Erie (4 sites) 2.7—7.6 98-353 16—83 35—123 .l7—l.45 23—66 117—346
 
)
ll
l
TABLE 2.1—3
ORGANIC COMPOUNDS IDENTIFIED IN THE WATERS OF
LAKE ST. CLAIR, DETROIT RIVER AND ST. CLAIR RIVER
  
SAMPLING STATION
AND DATE
Maple Beach,
Gibralter, MI,
Detroit River
1976
ORGANIC COMPOUNDS
AND CONCENTRATIONS
C7 Alcohol
C8 Alcohol
C9 Alcohol
C10 Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
N
r
—
‘
v
—
J
r
—
I
r
—
‘
H
r
—
I
p
—
A
T
—
‘
H
O
O
W
V
O
‘
U
‘
D
W
N
H
Alcohol
Alcohol
Alcohol
N
N
N
W
N
H
Alcohol
Alcohol
Camphor (IS)
Dibutyl Phthalate
C
O
O
O
O
O
O
C
O
O
O
O
O
O
O
N D
N 0
‘
Dichlorobutene
Diethyl Hexyl Phthalate +
C25 Alcohol
Methyl—Z—Ethyl Hexanoate (IS)
Methyl Myristate
Methyl Palmitate
Methyl Stearate
Terpineol
C15
ppb
w
a
O
‘
L
ﬂ
V
D
O
‘
D
W
W
W
W
W
N
l
e
—
‘
H
INFORMATION
SOURCE
Detroit, l/6 mile
from shore,
Detroit River
Diethyl Hexyl Phthalate
Methyl—Z—Ethyl Hexanoate (IS)
Methyl Palmitate
Methyl Stearate
1,1,2,2~Tetrachloroethane
Port Huron,
St. Clair River
midstream
Camphor (IS)
Chloroform
Dibutyl Phthalate
Methyl—Z—Ethyl Hexanoate (IS)
Methyl Palmitate
Methyl Stearate
Algonac, MI.
St. Clair River
midstream
Chloroform
Windsor, Ontario
WTP Intake
1976
Treated
1976
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromoform
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromodichloromethane
112'
 TABLE 2.1-4
ORGANIC CONTAMINANT SURVEY — WATERS OF
DET
ROI
T R
IVE
R,
LAK
E S
T.
CLA
IR;
ST.
CLA
IR
RIV
ER(
a)
ORGANIC CONTAMINANTS SOUGHT AND DETECTION LEVELS (pg/L)
Aroclor 1242: 0.1
Aroclor 1254: 0.1
Aroclor 1260: 0.1
Dieldrin: 0.003
o,p-DDT: 0.01
Phenol: .1—2
ORGANIC CONTAMINANTS FOUND,
DBP: 1 0 Cyanide: 0.1-10
DEHP: 1.0 2,4-D: 0.05-5.0
Toxaphene: l O Silvex: 1.0
Chl
ord
ane
:
0.1
End
rin
:
0.0
2
Lin
dan
e:
0.0
5
Hep
tac
hlo
r:
0.0
2
Methoxychlor: 0.05—5 PCBs: 0.1-0.3
LOCATION
Algonac WTP
St. Clair River 1975—77
Port Huron WTP
St. Clair River 1974-77
*Detroit River — Range 30.8 1972-77
(Detroit to Peche Island)
Detroit WTP
Detroit River 1972-77
*Detroit River - Ranges 14.6—20.6
(Detroit to Windsor) 1972-77
*Ecorse River 1973-77
*Detroit RiVer - Ranges 3.9-12.0 1972-77
CONCENTRATIONS (pg/L) AND DATE
 
Cyanide
p9P’DDT
DBP
DEHP
Phenol
Cyanide
DEHP
Phenol
Cyanide
Cyanide
Cyanide
Cyanide
none
0. —13
5—10
0.4-20
(a)
Sto
ret
ret
rie
val
- M
ich
iga
n D
epa
rtm
ent
of
Nat
ura
l
Res
our
ces
* Analyses only for cyanides and heavy metals.
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- 5
(07/74)
(07/74)
0
0
6-4.6 (07/74, 10/75)
4—2 (10/75 — 01/77)
1
(07/77)
(OI/76)
(05/72 — 04/77)
(04/77)
(05/77 — 09/77)
(ll/76 - 09/77)
(10/72 — 09/77)
 DATA ON SEDIMENT QUALITY
Heavy Metals
As in the case of Lake Erie, the recognition of mercury discharges to
the St. Clair River and the Detroit River, resulted in the initiation
of several efforts to evaluate the extent of contamination by mercury.
Many studies evaluated concentrations of several heavy metals in
addition to mercury. The results of the efforts are shown in Tables
2.2—1, 2.2—2 and 2.2-3 (9, 22, 3l, 76, 79~82). Figure 2.2-1 illus—
trates the sampling sites of separate studies on the St. Clair River
and Lake St. Clair by the Ontario Ministry of the Environment, the
U.S. Depart_ ment of Interior and the Michigan Department of Natural
Resources. The Roman numerals in Figure 2.2—1 indicate four areas
designated by the Michigan DNR and the.heavy metal concentrations in
the four areas are shown in Table 2.2-3. Figures 2.2—2 and 2.2—3
illustrate the extent of the U.S. Department of Interior studies on
the Detroit River.
PLUARG (9) reported in 1978 that in Lake St. Clair the mean mercury
values in sediments have decreased from 1.55 mg/kg in 1970 to 0.54
mg/kg in 1976. On the basis of Figure 2.2—4, PLUARG reported that
"Lake St. Clair is still a major source of mercury to Lake Erie, even
seven years after shutdown of the point source discharge. The sedi—
ments of Lake St. Clair, laden with mercury, are gradually being
washed out through the Detroit River and deposited in the western
basin of Lake Erie." With regard to other heavy metals, the studies
of the Detroit River sediments in 1970 by the Department of Interior
and in 1973—74 by the Environmental Control Technology Corporation
(76), are of particular interest. Eight to twenty fold increases in
concentrations of mercury, lead, zinc, nickel, chromium and copper
were observed during 1970 in sediments at the mouth of the Detroit
River (Lake Erie), when compared to the sediments at the head of the
Detroit River (see Table 2.2—1). The 1973—74 study (76) also showed
increases in the heavy metal concentrations, however, the magnitudes
of the increases were somewhat less than observed in 1970 (Table 2.1—
2). Figure 1.2—8 illustrates similar increases for lead within the
Lake St. Clair - Detroit River — Lake Erie system.
Organic Contaminants
 
Table 2.2—4 summarizes some of the available data for organic contam—
inants in sediments of the Detroit River, Lake St. Clair and St. Clair
River (42, 43, 80, 81). Comparisons of 1970 and 1974 levels of
organochlorine insecticides and PCBS in Lake St. Clair are shown in
Table 2.2—5 and Figures 2.2—5 and 2.2—6. PLUARG in its 1976 report to
the Commission (42), stated that "a statistically significant decrease
in mean concentration of DDT and metabolites of approximately 60% has
occurred between the two surveys (1970, 1974). PCBs also show a
decline of approximately 50% over the same time interval." The
decrease was ascribed to two phenomena "firstly, decrease in source
due to the 1970 ban on DDT and the voluntary restraint on PCBs use
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TABL
E 22
4
METAL ANALYSES ' SEDIMENTS FROM
ST. CLAIR
RIVER, LAK
E ST. CLAI
R; DETROIT
RIVER
NUM
BER
C 0
N c
E N
T R
A T
I 0
N
—
p p
m
d r
y
w e
i g
h c
SAMPLE SAMPL
ING STATION SAM
PLING
INFORMATION
DATE
0R DESIGNATI
ON
SITES
MERCURY
LEAD zIN
c NICKE
L ARSENIC
CADMIUM CH
ROMIUM C
OPPER
SOURCE
 
1970 St. Clair River 3 0.2—1.0 22
(See Figure 2.2—1) 12 *
1970 Lake St. Clair 6 0.3—9.2 22
(navigation channel)
Lake St. Clair 2 1.7—2.1
(disposal site of dredged
material from St. Clair River)
Lake St. Clair 15 *
1970 Head, Detroit
River
1 <1.0
22 35 10
<30 9
9 22
1970 Upper Detroit
River
5 0.7—1.4
(upstream from Rouge River) 9 *
(See Figure 2.2-2)
1970
Rouge Ri
ver
6
*
1970
MOuth of
Rouge R
iver
1
<1.0
54
110
30
<30
26
41
22
(Detro
it Riv
er)
1970 Detroit River
1 6.0
110 430 80
<30 99
79 22
(N. of Nicho
lson Dock)
1970 Mou
th of Ecors
e Creek
1 <1.
0
900 1,300
230
<30
540 2
90
22
(Detro
it Riv
er)
1970 Det
roit River
21 <0.
5—86
(Trenton Cha
nnel—20 ft.
from
shore — See Figure.2.2—3
*less than "measurable
limit of 0.5 mg/kg wet
weight"
(as reported in Ref. 22)
A ' "tie A "3 {“rffrd’fv “rv )‘ > - “Ema”: ‘ , ‘ ‘~ “'—‘ I "f. ‘ K. mi .1 \1 M. 9 - " " A ‘ I ’V'
 
TAB
LE
2.2
-1
(CO
NT’
D)
 
NUM
BER
CO
NC
EN
TR
AT
IO
N—
pp
m
dr
y
we
ig
ht
SAM
PLI
NG
STA
TIO
N
SAM
PLI
NG
INF
ORM
ATI
ON
OR
DES
IGN
ATI
ON
SIT
ES
MER
CUR
Y
LEA
D
ZIN
C
NIC
KEL
ARS
ENI
C
CAD
MIU
M
CHR
OMI
UM
COP
PER
SOU
RCE
 
Det
roi
t R
ive
r
30
< 0
.5—
26
(Tr
ent
on
Cha
nne
lji
20
ft.
fro
m
22
sh
or
e)
Lowe
r De
troi
t Ri
ver
(Exc
ludi
ng T
rent
on C
hann
el)
Detro
it Ri
ver,
Mouth
Lak
e
St.
Cla
ir
St.
Clai
r Ri
ver
(See
Tabl
e 2
.2-2
and
Figu
re
2_2-
1)
—Sarnia (head of
<0.0l—0.18
St. Clai
r River)
-Sar
nia
0.01
—112
—Corunna
<0.01-12.2
—Courtri
ght
0.0l—7.6
—Sombra
0.13-3.4
-Port La
mbton
0.02—2.7
Chenal Ecart
e
l.6—36.6
(See Tab
le 2.2-2
)
La
ke
St.
Cl
ai
r
0.
04
—4
.6
(Se
e T
abl
e 2
.2-
2)
an
d
Fi
gu
re
2.
2-
1)
 
 TAB
LE
2.2
—1
(CO
NT’
D)
1
1
8
NUMB
ER
C 0
N C
E N
T R
A T
I O
N —
p p
m d
r y
w e
i g
h t
SAM
PLE
SAM
PLI
NG
STA
TIO
N
SAM
PLI
NG
INF
ORM
ATI
ON
DAT
E
OR
DES
IGN
ATI
ON
SIT
ES
MER
CUR
Y
LEA
D
ZIN
C
NIC
KEL
ARS
ENI
C
CAD
MIU
M
CHR
OMI
UM
COP
PER
SOU
RCE
 
1973
Lake
St.
Clai
r
28
0.62
10.9
6
18.8
:21.
7
70:5
3
19i1
6
1.1:
0.5
0.54
:0.5
5
12.1
:9.3
16.4
:13.
5
(see
Tabl
e 2.
2—3
(0.0
02-3
.33)
(<1—
91)
(12-
228)
(1.4
-63.
2)
(<1.
0—2.
l)
(<0.
2—2.
1)
(2.5
~38.
6)
(2.0
—52.
6)
80
and Figure 2.2—1)
1973
Blad
e Ri
ver
0.15
26
64
12
1.6
16
48
31
1973
Talf
ord
Cree
k
2.77
17
49
14
h
1.8
11
16
31
1973
Pine
Rive
r
0.19
22
49
10
1.2
11
13
31
1973
Bell
e Ri
ver
0.07
16
31
9
0.9
8
5
31
1973
St.
Clai
r R
iver
0.63
12
32
11
1.6
6
8
31
1973
Roug
e R
iver
0.81
151
330
49
5.5
78
81
31
1973
Roug
e Ri
ver
Cana
l
0.16
15
43
21
1.9
14
15
IN
197
3-7
4
St.
Cla
ir
Riv
er
EZZ
SED
EE‘E
EJE
YS?
V
V
V
V
V
V
V
76
1974
Lak
e S
t.
Cla
ir
.57
9
(ave
rage
)
197
5
Tha
mes
Riv
er
60
<3—
27
13-
90
<3—
26
81
197
5
Cli
nto
n R
ive
r
5
<l.
—.2
140
-25
0
210
—41
0
54—
110
5—7
1.7
—5.
4
59—
130
62—
120
82
197
6
Lak
e S
t.
Cla
ir
(av
era
ge)
0.5
4
9
(als
o s
ee F
igur
e
2.2
—4)
1;
“gr
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\
‘
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TABLE
2.2-2
SUMM
ARY
OF M
ERCU
RY
RESU
LTS
‘ ON
TARI
O M
INIS
TRY
OF T
HE
ENVI
RONM
ENT
SEMI'
ANNUA
L ASS
ESSME
NT PR
OGRAM(
a)
ST.
CLA
IR
SYS
TEM
,
197
2—1
976
 
Location
Dist
ance
from
Can.
Sho
re
(ft
.)
Tota
l Me
rcur
y Co
ncen
trat
ion
mg/k
g
 
May/7
3
Nov/7
3
May/7
4
Dec
/74
May/75
Nov/75
May/76
Bed
loa
d
Se
ct
io
n
1
Sa
rn
ia
2
5
5
0
100
150
200
250
300
<.01
<.
01
.08
.11
.07
.06
.05
.16
.07
.03
.06
.04
.02
.04
.04
.01
.02
.01
.01
.03
.01
—
<.0
1
.18
.03
.0
2
.02
.03
.01
.02
.07
.06
.1
2
.025
.0
15
.0
2
<.
01
.02
.03
.03
.0
8
.03
<.01
.03
.0
7
.0
4
.0
4
<.01
<.01
Bed
loa
d
Section
2
Sarnia
25
5
0
100
150
200
250
300
400
H
N
o
m
w
o
o
m
a
o
N
O
‘
V
D
M
Q
N
O
O
o
w
W
N
Q
‘
Q
N
N
N
—
I
r
—
(
I
Q
N
N
H
O
W
M
O
O
O
O
‘
O
C
O
H
E
N
v
—
i
m
1
22
7.5
48.3
6.76
3.23
3
.
4
2
4.80
.0
2
1
 
Bedload
Section
3
Corunna
 
50
100
200
30
0
400
50
0
600
—
1
 
  
 
  
1.59
3.87
1.
32
.85
.04
 
(C
on
t'
d)
  
 1
2
0
TABLE
2.2—2
SUMMARY OF MERCURY RESULTS (CONTINUED)
Location
Distance
from Can.
Shore (ft.)
Total Mercury Concentration mg/kg
 
Nov/73 May/74 Dec/74 May/75
Nov/75
Bedload
Section
4
Court-
right
50
100
200
300
400
50
0
600
1 2
1 6
7 6 1.56 2 7
4 4 3.34 2 7
5.0
4.14 3.7
2 4 2.31 2 l
l 6 2.40 1 4
0 4
.23 .2
2.26
2.49
2.32
2.71
1.31
1.63
.74
Bedload
Section
5
Sombra
100
200
300
400
500
600
700
2.4
1.55
1.86
.8
8
1.52
.51
5
2.68
1
2 2.31 1
4
2.14 1.
.1 1.21 2
7 .58 2
2
1.09 .
1 .61 .
N
C
!
)
1.49
1.41
1.48
.83
.5
0
.24
.13
 
Bedload
Section
6
Point
Lambton
 
100
200
300
400
500
600
700
 
2.72
1.18
.65
.40
.24
.
0
9
 
— 1.84 2 O 2.3
4 1.72 1.0 .50
.3 1.06 2 3 .83
97 .65 .57 .53
.44 .34 .31 .52
.15 .14 .51 .20
.02 .16 .11 .092
 
 
 
 
 
2.07
.86
.61
.26
.13
.08
  
. \‘\
\.‘\
(Con
t'd)
 1
2
1
SUMM
ARY
OF M
ERCU
RY R
ESUL
TS (
CONT
INUE
D)
Loca
tion
Total
Mercu
ry Co
ncent
ratio
n mg/
kg
 
Jun/73
Nov/73
May/7
4
Dec/7
4
May/7
5
Nov/7
5
May/7
6
Sta
tio
n
200(69)
Chenal
Ecarte
23.9
1.8
1.39
1.6
2.0
1.7
1.9
Stat
ion
205(
74)
Che
nal
Eca
rte
36.6
1.6 2
.51
3.3
1.5
1.01
1.7
Sta
tio
n
91
Lak
e S
t.
Cla
ir
0.32
0.23
1.21
0.18
0.16
0.13
0.18
Stati
on 40
2
Lake S
t. Cla
ir
0.12
0.04 0.
07
-
0.82
0.05
0.04
Stati
on 11
0
Lake S
t. Cla
ir
2.46
2.5
3.45
2.0
2.0
1.49
2.2
 
Station 163
Lake S
t. Cla
ir
2.98 —
      
(a)
See
Figu
re
2.2-
1 fo
r approx
imate
sampli
ng sit
e lo
cat
ion
s.
 
 Tabl
e 2.
2—3
Mean
heav
y me
tal
conc
entr
atio
ns
in t
he s
urfa
ce s
edim
ents
of L
ake
St. Clair, August 13—16, 1973. All concentrations, except for
oils (percent), presented on dry weight basis in mg/kg : one
standard deviation.
Parameter
Area(a) Cd Pb Ni Zn
I
0.34
:_ 0
.25
20.59
:_13.
95
16.1
i 7
.7
58.0
i 26
.2
II 1.02 :_ 0.62 15.43 i 1.32 14.9 :- 4.7 80.8 i 52.8
III 0.39 :_ 0.26 4.97 i 6.56 5.8 i_ 4.2 32.4 i 23.7
IV 0.97 i 0.90 32.42 i 38.19 42.5 i 14.4 132.7 : 65.8
Range_ <0.2 - 2.1 <1.0 - 91.2 1.4 — 63.2 12.2 —228.1
Lake X 0.54 :_ 0.55 18.79 : 21.67 19.2 i_15.8 69.6 i 52.8
Cu Cr As Se
I 18.26 :_10.98 10.46 i. 4.58 1.3 i_0.5 <1.0 i 0.0
II 16.89 :- 9.54 8.50 :- 1.36 1.3 i 0.8 <1.0 : 0.0
III 10.58 i 14.60 4.63 :- 1.85 0.8 i 0.4 <1.0 i 0.0
IV 25.53 : 18.47 25 46 i. 9.54 1.0 i 0.4 <1.0 :_0.0
Range_ 2.0 - 52.6 2.5 - 38.6 <1.0 — 2.1 <1.0
Lake X 16.41 i 13.46 12 14 + 9.26 1.1 :_0.5 <1.0
Hg TKN Oils ‘2)
I 1.087 i 1.294 854.9 : 433.6 0.41 i 1.14
11 0.359 i 0.263 806.2 : 299.8 0.11 i 0.09
111 0.165 : 0.170 280.9 :_195.6 0.02_i 0.01
IV 0.317 : 0.251 1056.6 : 303.7 0.11 i 0.07
Range_ 0.02 — 3.33 129.9 — 1539 -
Lake X 0.623 :_0.955 747.3 i 442.5 0.22 i 0.75
(a) See Figure 2.2—1 for allocation of areas.
Data supplied by Michigan Department of Natural Resources
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TABLE 2.2-4
ORGANIC ANALYSES - SEDIMENTS FROM
ST. CLAIR RIVER; LAKE ST. CLAIR, DETROIT RIVER
 
DATE STUDY AND RESULTS REFERENCE
1973 Ontario Ministry of the Environment L-Study 81
at the Mouth of the Thames River. (Lake St.
Clair)
p,p DDD - 0 — 5 ppb (6 samples)
PCB - O - 50 ppb (6 samples)
1970 — Organochlorine Insecticides and PCBs in 42,43
1974 Sediments of Lake St. Clair. See Table
2.2—5, and Figures 2.2—5 and 2.2-6.
1974 Residues in suspended solids taken from the 43
Detroit River in 1974. See Table 2.2—6
1975 State of Michigan — Lake St. Clair Study 80
 
PCB - 4 stations near Clinton Spillway mouth
contained between 0.5 - 1.1 mg/kg PCB
- 24 other stations were below detention
limit of 0.05 mg/kg
DEHP (phthalates) — 3 stations near Clinton
Spillway mouth and one station near
the shipping channel contained between
3.84 - 5.26 mg/kg phthalates.
- 24 other stations were below the
detection limit of 1.0 mg/kg.
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Table 2.2—6
Residues in suspended solids taken from the Detroit River in 1974
(Ref
. 43
)
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 TABLE 2.4—1
SAMPLE ANALYSIS RESULTS
DETROIT
WASTEWATER TREATMENT PLANT
OCTOBER, 1973
(Ref. 85)
PARAMETER
RAW WASTE
(ug/L) (lbs/dax)
EFFLUENT
(Hg/L) (lbs/day)
SLUDGE
(mg/kg) DRY
 
W
 
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260
Arochlor 1262
Arochlor 1268
Lindane
Heptachlor
Aldrin
Heptachlor epoxide
Dieldrin
Endrin
O,P-DDT
P,P-DDT
<.001
<.001
<.001
<.001
'
0
N
<.001
<.001
<.001
0.030
0.160
<.001
0.057
<.001
<.001
10.
.005
.005
.005
.005
.005
.005
.005
.15
.17
.78
<.005
.75
.28
<.005
<.005
0.
<.001
<.001
<.001
<.001
0.006
<.001
<.001
<.001
003
.001
.020
.006
.052
.054
.001
.001
<.005
<.005
<.005
<.005
.03
<.005
<.005
<.005
.015
<.005
.10
.03
.25
.26
<.005
<.005
<.001
.001
.001
.001
.001
.001
.2
.3
.0
.001
.001
.001
O
<.001
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/
\
/
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.001
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.001
.001
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.051
.001
.013
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.013
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.003
.001
.001
0.006
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A
.001
.010
.026
99.7
90
>97
88
66
5.3
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 TABLE 2.4—1 (CONT’D)
SAMPLE ANALYSIS RESULTS
WASTEWATER TREATMENT PLANT
OCTOBER, 1973
PARAMETER
(
/L
)
(l
bs
/d
a
)
(u
/L
)
(l
bs
/d
a
)
SLUDGE
(mg/kg) DRY
mm
o,p—DDD
p) P‘DDD
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Di-Z—ethyl phthalate
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<.
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.001
<
/
\
001
.008
.016
.041
.002
.001
.006
.008
.027
.039
.001
.001
<.001
17
25
37
54
49
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<.001
<.001
80
75
19
41
 1
3
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TABLE 2.4-2
ORGANIC CONTAMINANT CONCENTRATIONS
(ugﬂJ
DETROIT
WASTEWATER
TREATMENT
PLANT
-
1975
Ref.
85
 
PARAMETER
Aroclor
1221
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
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Hexachlorobenzene
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Mirex
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p,p—DDE
O
a
P
—D
D
D
o,p-DDT
p,p—DDD
p,p-DDT
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Phthalate
Dieldrin
Endrin
Lindane
Aldrin
Chlordane
Diethylhexylphthalate
Heptachlor epoxide
I
n
f
.
#
1
<0.05
2.5
<0.05
<0.05
0.87
<0.002
<0.
002
<0.005
0.061
<0.003
<0.005
<0.003
<0.003
<0.003
<
0
.
0
0
3
<0.003
<0.003
0.93
7.6
<0.003
0.
32
0.019
<0.002
0.038
2
3
<0.
002
May 28
I
n
f
.
#
2
<0.05
<0.05
<0.05
0.48
<0.05
<0.002
<0.
002
<0.005
<0.
003
<0.003
<0.005
<0.003
<0.003
<0.
003
<
0
.
0
0
3
<0.003
<0.003
0.69
8.5
<0.003
0.18
0.015
<0.
002
<0.
002
35
<0.002
Effluent
<0.05
1.0
<0.05
<0.05
0.46
<0.002
<0.002
<0.005
<0.005
<0.005
<0.005
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
0.25
1.4
<0.003
0.
11
0.005
<0.
002
<0.
002
3O
<0.
002
I
n
f
.
#
l
<0.
05
<0.05
<0.05
<0.05
4.8
<0.
002
<0.
002
<0.005
<0.003
<0.003
<0.005
<0.003
<0.003
<0.003
<0.003
0.026
0.44
<0.
01
8.2
0.0
27
0.
14
<0.
002
<0.
002
<0.
002
1
1
<0.
002
May 29
Inf.#2
<0.05
<0.05
<0.05
<0.05
3.2
<0.
002
<0.
002
<0.005
<0.003
<0.003
<0.005
<0.003
<0.003
0.010
<0.003
0.140
<0.003
<0.
01
3.
6
<0.003
0.
34
<0.
002
<0.
002
0.0
75
32
<0.002
Effluent
<0.05
2.5
<0.05
<0.05
0.
84
<0.002
<0.
002
<0.005
<0.003
<0.
003
<0.005
<
0
.
0
0
3
<0.003
<0.
003
<0.003
0.042
<0.003
1.6
48
<0.003
0.
16
<0.
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<0.
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<0.
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l3
<0.
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f
.
#
l
<0.05
<0.05
<0.05
<0.05
<0.05
<0.002
<0.002
<0.005
0.0
97
<0.003
<0.005
<0.003
<0.003
<0.003
<0.003
0.036
<0.003
0.
57
25
<0.003
0.13
<0.
002
<0.
002
<0.
002
10
<0.
002
M
a
y
3
0
Inf.#2
<0.05
<0.05
<0.05
<0.05
4.5
<0.002
<0.002
<0.005
<0.005
<0.003
<0.005
<0.003
<0.003
<0.003
<0.003
0.25
<0.003
9.
4
3.5
<0.003
0.39
<0.002
<0.002
0.0
44
2
6
<0.002
Effluent
<0.05
<0.05
<0.05
<0.05
0.
77
<0.002
<0.002
<0.005
<0.003
<0.003
<0.005
<0.003
<0.003
<0.003
<0.003
0.0
54
<0.003
0.88
5.7
<0.003
0.24
0.0
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<0.
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25
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TABLE 2.4-5
ORG
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ONT
ARI
O
l
ONTARIO MINISTRY OF THE ENVIRONMENT
Group A) Organohalides.
Compoundz
Ethyl chloride
Vinyl chloride
Vinyl bromide
Chloro-propene
Dichloromethane
Dichloroethane
Dichloroethylene
Dichloropropane
Dichloropropene
Bromochloroethane
Dichlorobutadiene
Dibromomethane
chloroform (trichloromethane)
Trichloroethylene
Trichloropropane
Tribromomethane (bromoform)
Carbon tetrachloride
Tetrachloroethane
Tetrachloroethylene
Hexachloroethane
Bis—Z—chloroethyl ether
Group B) Aromatic Hydrocarbons.
 
Benzene
Toluene
Xylenes
Propylbenzene
Diethyl benzene
Propyl toluene
Cumene
Styrene
Naphthalene
Methylnaphthalene
6-Methyl—l,2—dihydronaphthalene
Benzocyclobutene or phenylacetylene
Group C) Ethers2 Alcohols, Carbony Compounds.
Diethyl ether‘
Formaldehyde
Propanol
tert. Butanol
Decanols, etc.
Octadecanol
But—Z-en-l—ol
Acetone
Methyl ethyl ketone
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Cyclohexane
Butadiene
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Carbon disulphide
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Dra
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DATA ON BENTHOS AND PLANKTON
During preparation of this report, no data was found on contaminant
levels in benthos and plankton from the Detroit and St. Clair Rivers
and Lake St. Clair.
DATA ON FISH CONTAMINANTS
Trends of mercury concentrations in Lake St. Clair fish, have been
evaluated by the U.S. Fish and Wildlife Service (90) (Table 2.6-1) and
the Ontario Ministry of the Environment (91) (Table 2.6—2). Mean
concentrations of mercury in fishes from Lake St. Clair decreased
rapidly within 3—4 years of the reduction of mercury discharges.
However, insignificant changes in the fish tissue levels have occurred
from 1975 to 1977. Detailed analyses for the year 1976 are outlined
in Table 2.6—3.
Tables 2.6—4 to 2.6-7 illustrate the concentrations of pesticides and
PCBs which have been found in Lake St. Clair fish. (73, 92, 93)
In May 1978, Hallett g£_al. (94) reported the identification and
quantification of several PAHs in carp and pike taken from the con—
fluence of the Rouge and Detroit Rivers at Detroit, Michigan. Twenty-
four compounds, which are listed in Table 2.6-8, were identified in
Detroit River pike. Quantitation data for four compounds is shown in
Table 2.6-9.
Recently Veith and Kuehl (95) have identified the presence of hexa—
chlorobenzene, octachlorostyrene, cis—chlordane, trans-nonachlor and
high concentrations of pentachloroanisole in fish from the Detroit
River.
A PLUARG Task Group D report (171) gives the concentrations of
various organochlorine and heavy metal residues in shiners from
the Thames River. The results are shown in Tables 1.6—11 to
1.6—14 within the "Lake Erie" chapter.
DATA ON WILDLIFE
No data on residues in wildlife within the Detroit River, Lake St.
Clair and St. Clair River system were obtained.
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TABLE 2.6—1
Me
rc
ur
y
co
nc
en
tr
at
io
ns
in
fi
ll
et
s
of
se
le
ct
ed
La
ke
St.
Cl
ai
r
fishes collected in the fall of the year.
 
Sp
ec
ie
s
Av
er
ag
e
Av
er
ag
e
To
ta
l
and
Num
ber
len
gth
wei
ght
Mer
cur
y
Yea
r
of
fis
h
(mm
)
(g)
ppm
l/
Walleye
197
0
56
506
121
4
2'8
3
(0'
37)
197
2
68
445
831
1.3
8
(0.
16)
197
3
77
485
110
5
1.1
8
(0.
10)
197
4
60
501
117
4
1.0
7
(0.
10)
197
5
99
497
112
8
1.0
3
(0.
10)
197
6
30
497
127
1
0.7
8
(0.
20)
Rock Bass
197
0
45
185
164
1.2
4
(0.
27)
197
2
40
174
121
0.4
9
(0.
08)
197
3
36
178
126
0.3
7
(0.
07)
197
4
50
209
211
0.3
7
(0.
06)
Yellow Perch
197
0
45
198
106
1.2
2
(0.
17)
197
3
45
191
91
0.3
1
(0.
08)
197
4
43
228
158
0.2
8
(0.
04)
Channel catfish
197
0
15
538
186
7
1.6
2 (
0.4
5)
197
22/
363
519
0.3
7 (
0.1
9)
197
33]
8
461
102
3
0.3
5
(0.
08)
197
42]
20
490
113
5
0.3
5
(0.
04)
 
l . . .
—/C
onc
ent
rat
10n
s e
xpr
ess
ed
as
ele
men
tal
mer
cur
y i
n w
et
wei
ght
of
tissue with 95% confidence interval in parentheses
g/Whole fish.
Source: U.S. Fish and Wildlife Service
Great Lakes Fishery Laboratory
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 Species
Walleye
Northern Pike
Channel Catfish
White Bass
Bluegill
Rock Bass
Carp
Yellow Perch
SPECIES
Walleye
R. Bass
W. Bass
Y. Perch
S.M. Bass
W. Sucker
Carp
C. Catfish
Pike
Muskie
L.M. Bass
B. Crappie
P'Seed
Bluegill
TABLE
2.E3-2
Mean concentrations (pg/g, fillets) of mercury in
Lake St. Clair fishes (Ontario Ministry of Environment data).
1970
2.3
4.4
1.4
2.2
2.2
MERCURY ANALYSES ‘ LAKE ST. CLAIR FISH TI
LAKE ST. CLAIR MERCURY DATA SUMMARY '
ONTARIO MINISTRY OF THE ENVIRONMENT
246
80
62
14
28
23
104
56
50
16
48
H
b
H
N
H
b
~
H
o
H
\
l
D
~
\
I
o
m
1971
1972
H
N
H
H
H
b
H
H
N
N
\
o
w
D
9
TABLE
2.63—3
O
O
l
-
‘
O
F
—
‘
l
-
‘
N
H
O
‘
K
O
l
—
‘
K
D
N
O
N
b
-
J
1973 1974
O
O
P
—
‘
O
O
O
N
H
b
N
I
—
‘
m
C
X
D
Q
U
I
N
 
ug/g
MEAN MAX MIN STD. DEV.
0.93 3.00 0.11 0.612
1.09 3.40 0.17 0.533
0.91 2.03 0.10 0.486
0.98 2.86 0.11 0.824
1.19 3.67 0.24 0.776
0.83 1.90 0.06 0.558
0.79 1.50 0.16 0.320
0.77 1.89 0.35 0.300
1.64 3.80 0.20 0.819
0.79 1.80 0.24 0.693
1.34 2.10 0.89 0.405
0.69 2.00 0.22 0.417
0.57 0.77 0.35 0.183
0.63 0.80 0.47 0.139
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1975
850
1976
1976
O
O
O
O
O
O
l
—
‘
O
O
‘
O
N
G
D
N
N
N
C
C
O
m
H
O
P
—
‘
O
O
O
l
-
‘
O
O
m
b
-
‘
C
N
K
O
C
D
C
t
h
E
MEAN WT.(gm)
1270
213
618
152
790
1065
3440
2200
2370
4630
590
253
175
198
1977
1.0
1.9
0.4
0.8
0.8
0.6
0.5
%>.5ug
66.3
87.5
77.4
71.4
92.9
69.6
76.0
82.1
92.0
50.0
100.0
62.5
75.0
71.4
1
4
4
YEAR
197
0—7
5
19
72
1
9
7
5
1975
1976
1976
19
77
LOCAT
ION
SPECI
ES
Lake
Tables 2.6—
St.
Clai
r
2 6
St.
Cl
ai
r
River
Trem
blay
Creek
Minnows
Spot
tail
Shi
ner
s
Trem
blay
Cre
ek
Lak
e
S.M
. B
ass
St.
Cl
ai
r
Mit
che
ll'
s
Y.
Bay
Wall
eye
Det
roi
t
Riv
er
Ca
rp
(Se
e T
abl
es
2.6—8,
2.6-9)
Pike
N0.
SAMPLES
100
A
10
10
10
ORGANIC AN
ALYSES ‘
DE
TR
OI
T
RIV
ER,
LAKE
ST.
CLAI
R,
AVE WT or
LENGTH
Z LIPIDS
65:
5mm
3.4
:1.
9
2.A5
(l.2
~3.6)
3.
8
(1.6—
7.2)
TA
BL
E
2.
6-
4
FIS
H T
ISS
UE
FRO
M
 
ST.
CLAI
R R
IVER
C O N
C E N
T R A
T I O
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— A
v e r
a g e
 
ZDDT
0.08
:0.0
5
0.76
(0
.1
—1
.2
)
0.
18
(0
.0
05
—0
.4
2)
HEPTACHLOR
EPO
XID
E
0.0
02:
0.0
01
 
DI
EL
DR
IN
N
D
0.09
(0
.0
3—
0.
14
)
0.
00
4
(0.01—0.15)
END
RIN
ND
ND
CHLOR-
DANE
0.61
(0
.1
—1
.0
)
0.
28
:0
.2
1
2.
1
(0.4
—3.1
)
0.
7
INFOR
MATIO
N
SOURCE
9
2
9
2
9
2
73
93
  
TABLE 2.6—5
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RCE
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Lak
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St.
Cla
ir
(Re
f.
92)
0
WEIGHT
NU
MB
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KG
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B
LE
VE
L
PC
B
LE
VE
L
FI
SH
OF
RA
NG
E
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IN
pp
m
IN
pp
m
DA
TE
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FI
SH
(A
VE
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GE
)
ME
AN
RA
NG
E
19
70
La
rg
e
Mo
ut
h
Ba
ss
6
(0
.5
6)
1.
3
—
Mo
on
ey
e
12
(0
.3
1)
1.
9
—
Ye
ll
ow
Pe
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h
3
(0
.1
1)
0.
12
-
Qu
il
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k
Su
ck
er
6
(1
.3
2)
0.
31
-
Re
dh
or
se
Su
ck
er
8
(0
.9
3)
0.
01
-
Wh
it
e
Su
ck
er
10
(1
.3
0)
0.
29
-
19
71
La
rg
e
Mo
ut
h
Ba
ss
5
(0
.6
3)
0.
83
—
Ro
ck
Ba
ss
10
(0
.2
3)
0.
10
-
Ca
rp
8
(3
.6
8)
0.
72
-
Ca
tf
is
h
6
(2
.0
2)
2.
3
-
Bl
ac
k
Cr
ap
pi
e
13
(0
.2
0)
0.
07
—
Lo
ng
—n
os
e
Ga
r
12
(0
.7
2)
1.
5
-
Ye
ll
ow
Pe
rc
h
11
(0
.0
6)
0.
11
-
Qu
il
lb
ac
k
Su
ck
er
9
(1
.2
4)
0.
18
-
Re
dh
or
se
Su
ck
er
8
(0
.7
0)
0.
19
—
Pi
ck
er
el
10
(0
.5
9)
0.
10
-
Pi
ck
er
el
46
0.
15
-
2.
4
0.
83
O
25
-
3
1
19
72
Co
ho
Sa
lm
on
1
—
2.
7
s
a
Pe
rc
h
24
0.
07
—
0.
16
0.
14
0.
07
—
0.
25
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y
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mi
la
r
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e
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t
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e
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th
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e
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lm
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ha
d
a
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l
of
2.
7
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m.
Pi
ck
er
el
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ve
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n
as
hi
gh
as
3.
1
pp
m,
 
 TABLE
(R01.
2.6-6
92)
LAKElST. CLAIR ‘ ST.
CLAIR RIVER
PCB Concentration
       
No. of Mean Wt. (ppm)
Yea
r
Spe
cie
s
Loc
ati
on
Sam
ple
s
(gr
ams
)
mea
n
max
.
min
.
1970
Lar
gem
out
h B
ass
Lake
St.
Cla
ir
6
564
1.3
Yel
low
Per
ch
3
108
0.1
2
Qui
llb
ack
Suc
ker
6
131
9
0.3
1
Red
nos
e S
uck
er
8
928
0.0
1
Whi
te
Suc
ker
10
129
8
0.2
9
Mooneye 12 306 1.9
197
1
Wal
ley
e
Lak
e
St.
Cla
ir
10
591
0.1
0
Lar
gem
out
h B
ass
5
632
0.8
3
Roc
k B
ass
10
230
0.1
0
Yel
low
Per
ch
ll
59
0.1
1
Qui
llb
ack
Suc
ker
9
124
4
0.1
8
Red
nos
e S
uck
er
8
698
0.1
9
Blu
egi
ll
25
172
0.0
6
Bow
fin
10
136
7
0.0
5
Bro
wn
Bul
lhe
ad
12
427
0.1
1
Bla
ck
Cra
ppi
e
13
199
0.0
7
Car
p
8
367
6
0.7
2
Cat
fis
h
6
201
6
2.3
Fre
shw
ate
r-D
rum
12
519
0.1
7
Lon
gno
se
Car
12
723
1.5
Pum
pki
nse
ed
Sun
fis
h
22
104
0.1
1
197
1
Wal
ley
e
46
0.8
3
3.0
0.2
5
197
2
Coh
o S
alm
on
St.
Cla
ir
Riv
er
4
120
2.9
4.7
1.4
Rai
nbo
w T
rou
t
2
490
2.9
3.8
1.9
Yellow Walleye 1 594 0.16
Sma
llm
out
h B
ass
3
493
0.3
0
0.5
2
0.1
0
Whi
te
Bas
s
5
500
7.6
12
4.3
Per
ch
12
130
0.1
6 ,
0.2
2
0.0
8
Pik
e
11
190
2.2
6.8
0.1
1
N. R
edno
se S
ucke
r
4
898
0.74
1.3
0.34
Whi
te
Suc
ker
20
881
1.2
2.8
0.14
197
2
Per
ch
Lak
e S
t.
Cla
ir
24
107
0.1
4
0.2
5.
0.0
7
1972
Coho
Salm
on
Lake
St.
Clai
r
1
1
2.7
1973
Rain
bow
Trou
t
Lake
St.
Clai
r
1
2724
1.0
1975
Min
now
Tre
mbl
ay
Cre
ek
100
0.6
1
1.0
1 0.
1
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 TABLE 2.6—7
PCBS IN TISSUE OF FISH FROM
(Ref.
THE ST. CLAIR RIVER
92)
 
WEIGHT
NU
MB
ER
IN
KG
PC
B
LE
VE
L
PC
B
LE
VE
L
FI
SH
OF
RA
NG
E
OR
IN
pp
m
IN
pp
m
DA
TE
SP
EC
IE
S
FI
SH
(A
VE
RA
GE
)
ME
AN
RA
NG
E
19
72
Re
dh
or
se
Su
ck
er
4
0.
71
—
1.
1
0.
74
0.
34
-
1.
3
Common White
Su
ck
er
20
0.
42
—
1.
2
1.
2
0.
14
—
2.
8
Sm
al
l
Mo
ut
h
Ba
ss
3
0.
29
—
0.
60
0.
30
0.
10
—
0.
52
Pi
ck
er
el
l
0.
59
0.
17
-
Co
ho
Sa
lm
on
4
0.
89
—
1.
2
2.
1.
4
—
4.
7
Wh
it
e
Ba
ss
5
0.
33
-
0.
67
7.
6
4.
3
—
12
.
Pi
ke
11
0.
96
—
3.
0
2.
2
0.
11
-
6.
8
Ra
in
bo
w
Tr
ou
t
2
0.
42
-
0.
56
2.
9
1.
9
—
3.
8
Pe
rc
h
12
0.
06
—
0.
15
0.
16
0.
06
—O
.2
4
PCB
lev
els
in
St.
Cla
ir
Riv
er
fis
h a
re
som
ewh
at
ele
vat
ed
in
com
par
iso
n w
ith
tho
se
fro
m
Lakes Huron and St. Clair.
industrial and municipal effluents.
ac
ce
pt
ab
le
li
mi
t,
bu
t
ot
he
r
sp
ec
ie
s
-
Co
ho
sa
lm
on
an
d
Ra
in
bo
w
tr
ou
t
-
ha
ve
le
ve
ls
of
some concern .
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PC
Bs
fr
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Pi
ke
an
d
Ba
ss
Sh
ow
le
ve
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at
or
ab
ov
e
th
e
TABLE 2.6-8
(Ref. 94)
POLYNUCLEAR AROMATIC HYDROCARBONS IN
GREAT LAKES FISH IDENTIFIED BY MASS SPECTROMETRY
  
Hamilton Harbor Detroit River
PAH Carp Pike Carp Pike
1. naphthalene x x x
2. 2—methyl naphthalene x x x
3. l—methyl napthtalene x x x
4. biphenyl x x x
5. acenaphthene x x
6. dimethyl naphthalene x x
7. fluorene x x
8. anthracene x x x
9. phenanthrene x x x
10. l—phenyl naphthalene x x x
11. l—methyl phenanthrene x x x
12. l-methyl anthracene x x x
13. 2—methyl anthracene x x x
14. 2—methyl phenanthrene x x x
15. 9—methyl anthracene x
16. fluoranthrene x x x
17. pyrene x x x
18. l, 2-benzofluorene x x
19. 2, 3-benzofluorene x x
20. chrysene x x x
21. benzo-(a)—pyrene x . x
22. perylene x x
23. dibenz—(a, h)—anthracene x x x
24. coronene x X x
x detected
Other compounds scanned for but not found include 4 methyl biphenyl, 3, 6
dimethyl phenanthrene, 9, 10 dimethyl anthracene, l—methyl pyrene, l, l
binaphthyl, benzo—(e)—pyrene,9, lO diphenyl anthracene, ananthrene, benzo—
(g, h, i)—perylene, picene, and dibenz pyrenes.
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 TABLE 2 . 6-9
(Ref. 94)
QUANTITATION 0F PAH IN GREAT LAKES FISH
FLUORESCENCE DETECTION USING LIQUID CHROMATOGRAPHY
Polynuclear Aromatic Hydrocarbons ng/kg
 
Fish fresh weight fillet
Detroit Carp
Perylene Benzo—(k)—fluoranthene Benzo—(a)pyrene Coronene
1 16 10 40 8O
2 nd nd nd 60
3
40
14
40
nd
4
26
10
40
4O
5
nd
nd
nd
nd
6
nd
nd
nd
nd
7
nd
nd
nd
120
8
nd
nd
nd
80
9
nd
nd
nd
nd
10
nd
nd
nd
nd
Detroit Pike
1
34
26
40
20
2
20
14
14
40
3
18
8
20
44
4
20
8
20
44
5
68
26
128
290
6
18
10
24
40
7
20
6
3O
30
8
nd
nd
nd
nd
9
46
24
70
120
10
52
26
100
120
nd = non detectable
det
ect
ion
lim
its
:
5 n
g/k
g
per
yle
ne,
ben
zo-
(k)
-fl
uor
ant
hen
e,
ben
zo-
(a)
-py
ren
e
20 ng/kg coronene
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con
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ppe
r),
Sag
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w B
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ppe
r
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c),
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Fre
nch
Riv
er
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a
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ppe
r
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kel
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Con
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—
tio
n
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wat
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nch
Riv
er
are
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a r
esu
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tmos
pher
ic f
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ut
from
the
Sudb
ury
smel
ting
oper
atio
ns.
PLUA
RG
in
its
197
8 R
epo
rt
to
the
Com
mis
sio
n (
9)
rep
ort
ed
the
fol
low
ing
Lak
e
Hur
on
ope
n w
ate
r t
rac
e e
lem
ent
con
cen
tra
tio
ns
(pg/
L)
mer
cur
y (
50.
05)
;
lea
d
(:l
.0)
; c
hro
miu
m (
50.
2);
cad
miu
m (
50.
2);
cop
per
(52
.0)
;
zin
c
(:7.0); selenium (50.1); and, arsenic (50.6).
Organic Contaminants
Results of surveys for organic contaminants in the open waters of
Lake Huron are shown in Table 3.1—5. Several unidentified com-
pounds were observed by Strachan (14) in Lake Huron waters during
1973. Estimated quantities of phthalates, fatty acids and hydro—
carbons were reported. In 1974, Glooschenko, Strachan and Sampson
(12) analyzed Lake Huron waters obtained from 18 different sites,
for PCBs, and organochlorine and organophosphorus pesticides. No
compounds were detected in filtered waters above the quantification
limits shown in Table 3.1-6. Detectable amounts of lindane were
found in each of the water samples, and trace amounts of both
heptachlor and dieldrin were found in the middle of Lake Huron. A
station off Goderich, Ontario showed traces of p,p' — DDE.
The Upper Lakes Reference Group, detected measureable quantities of
PCBs and phthalate esters in Saginaw Bay (Table 3.1-7) during 1974.
The Reference Group found the PCB concentration in open waters of
Lake Huron to be less than the 10 ng/L detection limit. Some near—
shore areas contained detectable amounts of DDT during the Reference
Group study. Also the Reference Group expressed concern about the
high phenol levels at the mouth of the Spanish River and within the
St. Mary's River.
Additional data of organic contaminant levels on Lake Huron and
tributary waters have been reported by the Michigan Department of
Natural Resources (Table 3.1-8) (reference 97) and by the EPA study
to detect previously unrecognized pollutants in surface waters (Table
3.1-5) (reference 18).
Recently, within the proceedings of a conference on PBBs (l65), the
levels of PBBs in the Pine River were reported. The observed levels
are shown in Table 3.1—9.
A PLUARG Task‘C report (170), published in 1978, shows the levels of
pesticides which were detected in three watersheds within the Lake
Huron Basin. Within Tables 1.1-11 to 1.1—20, the determined pesticide
levels are summarized, where AG—3 refers to the Au Sable River water—
shed, AG-6 refers to the Maitland River watershed and AG—l4 refers to
the Saugeen River watershed. The tables are located in the section on
Lake Erie.
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1
5
3
Date Stat
ion(
s)
No.
Samples
TABLE
3.1—1
HEAVY METAL CONCENTRATIONS IN LAKE HURON WATERS
As Cd
Cr Co
ppb
(pg
/L)
a
Cu Pb Hg
Mo
Se
Ag
Zn
 
Source
1970—71
1973—77
1973-77
197
3—7
7
19
75
19
75
19
75
19
75
1
9
7
5
1975
1975
1
9
7
5
1
9
7
5
1
9
7
5
1975
Whole
Lake
See F
igure
s
3.
1-
1
to
3.
1—
2
Alpena
Water
Int
ake
Bay Ci
ty Wat
er
Intake
(Sagin
aw
B
a
y
)
Saginaw Midland
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FIG. 3.1-1 The average distribution of total mercury in the surface FIG.3.1-2 The average distribution of total mercury in the bottom
waters of Lake Huron (1970
-1971). Dots represent samp
ling stations. wat
ers of Lake Huron (1970.1
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M e a n L o a d i n g (kg/d)
N o
r t
h
C h
a n
n e
l
A n
d
S t. M
a r y s
R i v e
r
C e o r
g i a n
B a y
M a i n
L a k e
H u r o
n
Sampled
Unsample
d
Sampled
Unsampled
Sampled
Unsampled
Paramet
er
Bas;n
Basin
Total
Basin
Basin
Total
Basin
Basin
Total
1
6
0
Alkalini
ty (CaC0
3)
a
a
a
a
a
a
5,010,000
829,000
5,840,000
Arsenic
366
15.3
382
636
36.0
672
251
29.6
280
Barium
1,963
61.2
2,023
2,190
144
2,330
2,700
385
3,090
BODS (at 20°
C) 1
99,000
2,460
201,000
55,400
5,780
61,200
136,000
17,700
154,000
Cadmium
647
30.6
678
1,090
71.9
1,160
287
57.8
345
Calcium
333,000
23,000
356,000
823,000
111,000
934,000
2,580,000
401,000
2,980,000
Carbon,
Total 0r
gani< 2
42,000
10,700
253,000
423,000
31,600
455,000
932,000
143,000
1,080,000
Chem. Ox
ygen D
emand 7
15,000
35,200
750,000
1,130,000
82,700
1,210,000
1,280,000
178,000
1,450,000
Chloride
155,000
6,120
161,000
215,000
18,000
233,000
1,410,000
187,000
1,600,000
Chromium
410
23.0
433
849
54.1
903
236
38.0
274
Copper
1,320
38.2
1,360
1,540
89.8
1,630
645
79.4
734
Cyanide
180
7.64
187
261
18.0
279
66.7
12.6
79.3
Fluoride
3,087
130
3,220
4,040
431
4,470
9,000
1,310
10.300
Iron
12,700
995
13,700
11,500
1,258
12,800
60,400
3,440
63,900
Lead
1,020
33.7
1,050
1,440
89.8
1,530
619
91.1
710
Magnesiu
m
73,800
3,060
76,900
195,000
36,000
231,000
813,000
128,000
941,000
Manganes
e
1,800
76.4
1,880
1,640
180
1,820
1,100
194
1,290
Mercury
3.20
0.130
3.33
4.10
0.250
4.35
2.80
1.59
4.19
Nickel
1,090
45.8
1,140
2,060
108
2,170
638
104
742
Nitrogen, T0
tal as N
21,000
1,070
22,100
27,400
2,540
29,900
91,000
16,800
108,000
Nitrogen,
organic
35 EU 11,
600
750
12,400
17,800
1,310
19,100
33,700
4,310
38,100
Nitrogen, N8
3 as N
2,580
91.8
2,670
1,600
126
1,730
5,900
499
6,400
Nit., N03 +
N02 as N
6,700
340
7,040
8,020
1,100
9,120
51,400
2,000
63,400
Oil - Grease
34,900
1,220
36,100
40,600
2,950
43,600
83,300
11,000
94,300
Pesticides
0.005 0.001
0.006 0.067
0.004 0.071
0.106 0.053
0.158
Phenols
132
5.36
138
163
10.8
174
275
68.8
344
Phos., TOCal as P
2,550 76.4
2,630 1,830
180 2,010
5,480 694
6,170
Phos., Reacti
ve as P
1,060
53.6
1,110
1,180
36.0
1,220
2,620
141
2,960
Phthalates
a
a
a
a
n
a
174
b
174
PCB
0.100
0.003
0.103
0.059
0.007
0.067
1.39
0.523
1.91
Potassium
36,700 2,600
39,300 59,000
6,820 65,800
89,700 14,700
104,000
Selenium
32.0 1.86
33.8 72.2
5.17 77.
29.1 4.04
31
Silicate
,Reac.as
5102 13
3,000
6,800
140,000
143,000
14,000
157,000
283,000
35,800
318,000
Sodium 1
05,000 4,600
109,000 152,000
14.400 166,000
742,000 93,500
834,000
Solids, Total 2,080,000 138,000 2,210,000 5,130,000 539,000 5,670,000 17,500,000 2,530,000 20,000,000
\Solids, Dissolved 1,740,000 116,000 1,850,000 4,630,000 496,000 5,120,000 15,300,000 2,330,000 17,700,000
Solids, Particulate 328,000 21,400 349,000 504,000 43,100 547,000 2,050,000 135,000 ‘ 2,190,000
Sulfate as 504 542,000 18,400 561,000 681,000 46,700 728,000 1,750,000 294,000 2,040,000
Zinc 873 49.7 922 1,570 108 1,680 917 95.8 1,010
\
7
~
?
           
The total
s shown
above re
present
all avai
lable da
ta. Howe
ver, som
e disrha
rgcs were
not sampl
ed for H
11 param
eters, a
nd sumv
annlvtica
l techni
ques var
ied be—
tween the tw
o jurisdictio
ns.
a. Not sampled
b. Below li
mits of dete
ctability
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6
1
LOCATION
Open
Lakes
Saginaw Bay
Detour, Cheboygan,
Presque
Isle,
Lexington
Entire Lake
Middle Lake Huron
Spanish River Mouth
St. Mary's River
Saginaw River
(Bay City)
SAMPLING
PERIOD
1973
1974
1974
1974
1974
1974
1974
1976
TA
BL
E
3.
1—
5
ANALYSES
FOR
ORGANIC
CONTAMINANTS
IN
THE
WATERS
AND
TRIBUTARIES
OF
LAKE
HURON
NO. OF
SAMPLES
ORGANIC SUBSTANCES
DETECTED AND QUANTIFICATION (pg/L)
QUANTIFICATION
LIMIT (pg/L)
6 Hydrocarbons - 3-8 .1
(mostly acyclic — CZO-C30)
— 0.1—1
.1
—
0.8—3
-1
Fatty Acids
Phthalates
24
(See Table 3.1—7)
DDT (0.001—0.004)
.001
18 sites
Lindane — Trace
.005
Table
3.
1—6
Heptachlor - Trace
Dieldrin - Trace
(See Table 3.1—6 for compounds sought)
Phenol ave.
—
3
— max.
— 14
Phenol
.3 km from
Algoma Steel — 24
— 3.2 km downstream - 10
Dimethyl sulfide -
Dimethoxy methane -
Chloroform —
Dimethyl disulfide -
Methyl Palmitate —
Methyl Stearate —
Terpene - C15 -
Ca
mp
ho
r
Dibutyl p
hthalate
Diethyl
hexylphthalate—
H
M
H
H
O
M
r
—
l
V
I
—
d
r
-
4
Tra
ce)
SOURCE
14
9
6
9
6
12
12
9
6
96
1
8
 TABLE 3.1—6
QUANTIFICATION LIMITS FOR ORGANOCHLORINE AND ORGANO-
PHOSPHORUS COMPOUNDS IN STUDY OF LAKES SUPERIOR AND
HURON BY GLOOSCHENKO; STRACHAN AND SAMPSON 02)
Quantification Limit
 
WATER SESTON, SEDIMENT,
COMPOUND PPB NG PPM
Lindane 0.005 1 0.001
Heptachlor 0.005 1 0.001
Heptachlor epoxide 0.005 1 0.001
Aldrin 0.005 1 0.001
Dieldrin 0.005 1 0.001
Endrin 0.01 10 0.001
p,p—DDE 0.005 1 0.001
p,p—TDE 0.005 1 0.001
p,p—DDT 0.005 1 0.001
o,p-DDT 0.005 1 0.001
a—Chlordane 0.01 5 0.005
B-Chlordane 0.01 5 0.005
a—Endosulfan 0.01 10 0.01
B Endosulfan 0.01 10 0.01
p,p—Methoxychlor 0.01 50 0.05
PCBs 0.1 10 0.01
Phorate 0.003 50 0.01
Diazinon 0.005 100 0.02
Disulfoton 0.003 50 0.01
Ronnel 0.005 100 0.02
Methyl Parathion 0.005 100 0.02
Malathion 0.005 100 0.02
Parathion 0.005 100 0.02
Crufomate 0.025 500 0.1
Methyl Trithion 0.01 200 0.04
Ethion 0.005 100 0.02
Carbophenothion 0.01 200 0.04
Imidan 0.05 1000 0.2
Azinphosmethyl 0.05 1000 0.2
Azinphosethyl 0.05 1000 0.2
Phosphamidon 0.03 500 0.1
Dimethoate 0.005 100 0.02
Fenitrothion 0.005 100 0.02
 
 TABLE 3.1—7
ORGANICS IN SAGINAw BAY - 1974 (24)
      
PARAMETER CONCENTRATIONS IN n /% PROPOSED AGREEMENT
SAGINAW RIVER INNER BAY OUTER BAY OBJECTIVES
Arochlor 1242 70 10 Not Found —
Arochlor 1254 10 3 Not Found —
Arochlor 1260 <10 <10 <10 —
Total PCB 80—90 13—23 0—10 18
. . b
Dieldrin 0.8 0.5 0.6 1
pp'D
DT
<1
<1
<1
3C
c
DDE <1 <1 <1 3
c
DDD' <1 <1 <1 3
Di(2—ethylhexy1)—
phthalate 600
4 samples in bay ranged from <1000 to 1400; mean = 1300
l
a. This level may not be adequate to provide protection to certain predators,
and could presently not be enforced because of insufficiently sensitive
quantification limits.
b. Objective is for aldrln plus dieldrin.
c. Objective is for DDT plus metabolites.
 
 TABLE 3.1—8
ORGANIC CONTAMINANT SURVEY OF LAKE HURON
NEARSHORE WATERS AND TRIBUTARIES (a)
ORGANICS SOUGHT AND ANALYTICAL DETECTION LIMITS (pg/L)
Aldrin: 0.01 Silvex: 1.0
Dieldrin: 0.02 Endrin: 0.02
o,p—DDT: 0.01 Heptachlor: 0.005
p,p-DDT: 0.01 Lindane: 0.005
Dibutyl phthalate Methoxychlor: 5
(DBP): 1'0 PCBs: 0.1
Diethylhexyl .
phthalate (DEHP): 1.0 Aroclor 1242. 0.1
Toxaphene: 1.0 Aroclor 1254: 0.1
Chlordane: 0.1 Aroclor 1260: 0.1
2,4—D: 0.05
ORGANICS IN EXCESS OF ABOVE
SAMPLING NO. SAMPLING DETECTION LIMITS, CONCENTRA-
DATES SAMPLES SITE TIONS, AND DATES NOTED
1975-76 6 City of Alpena DEHP — 1.6 pg/L (07/76)
Water Intake
(Lake Huron)
1975—76 4 Bay City DEHP — 2.6 ug/L (OI/76)
Water Intake
(Lake Huron)
1975-76 4 Saginaw-Midland WTP DEHP - 1.9 pg/L (01/76)
Water Intake
(Lake Huron)
1973-75 5 Au Gres River p,p-DDT - 0.011 ug/L (08/74)
Au Gres TWP DBP — 8.0 ug/L (12/73)
- 0.6 Ug/L (08/74)
1973-76 7 Au Sable River p,p—DDT - 0.012 ug/L (08/74)
Oscoda TWP DBP — 0.86 ug/L (08/74)
1976—77 4 Black River none
Port Huron
1973—76 7 Cheboygan River, p,p-DDT — 0.016 Ug/L (08/74)
Cheboygan DEHP — 0.73 ug/L (08/74)
PCBs - 0.5 ug/L (08/74)
1976-77 4 Flint River none
Albee TWP
164
 
  
TABLE 3.1-8 CONT'D
ORGANICS IN EXCESS OF ABOVE
‘SAMPLING
N0.
SAMPLING
DETECTION LIMITS,
CONCENTRA-
DATES
SAMPLES
SITE
TIONS, AND DATES NOTED
1973-75 6
. . —DDT —— 0.01 1' /L (08/74)
Pine River O’p “g
St. Ignace TWP p,p—DDT — 0.024 ug/L (08/74)
1974—75
4
Pinnebog River
none
Hume TWP
1973—75
6
Rifle River
DEHP — 11 ug/L (08/74)
Arenac TWP PCBs - 0.7 ug/L (08/74)
1973-77 11 Saginaw River, DEHP — 18 ug/L (08/74)
Bangor TWP - 1.2 ug/L (08/74)
PCBs — 0.16 ug/L (08/74)
Aroclor 1260 — 0.2 pg/L (05/76)
1973 l Saginaw River none
Saginaw TWP
1974-76 5 St. Mary's River DEHP - 2.1 ug/L (01/76)
Saulte St. Marie
1973-76 8 Thunder Bay River Aldrin — 0.01 Ug/L (08/74)
Alpena DBP — 2.0 Ug/L (12/73)
— 0.7 ug/L (08/74)
DEHP — 2.3 ug/L (07/76)
1973—76 5 Van Etten Creek p,p—DDT — 0.015 Ug/L (08/74)
Oscoda TWP DBP - 0.17 ug/L (08/74)
PCBs — 0.4 ug/L (08/74)
a) Michigan Department of Natural Resources
TABLE 3.1-9
PBB LEVELS OBSERVED IN THE PINE RIVER, MICHIGAN (165)
STATION
PBB CONCENTRATION uG/L
1.5 miles upstream from
Michigan Chemical
St. Louis Reservoir —
5 m from outfall
St. Louis Reservoir—
50 m east of Michigan
Chemical Corp.
Below St. Louis Dam
 
10/4/74 lO/ll/74 10/18/74
<.l <.l <.l
0.9 9.8 1.1
0.4 0.5 1.3
<0.1 <0.1 <0.1
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3. 2
DATA ON SEDIMENT QUALITY
Heavy Metals
The
mea
n l
eve
ls
of
tra
ce
met
als
in
the
sed
ime
nts
of
Lak
e H
uro
n,
Geor
gian
Bay
and
Nort
h Ch
anne
l,
as s
umma
rize
d by
the
ULRG
(96)
, ar
e
sho
wn
in
Tab
les
3.2
—1
to
3.2—
3.
Mea
n l
eve
ls
of
met
als
for
rec
ent
(sur
face
) a
nd d
eepe
r pr
ecol
onia
l se
dime
nts
were
dete
rmin
ed b
y Ke
mp
and
Thom
as
(25)
, an
d th
ese
are
show
n in
Tabl
e 3.
2—4.
Subs
eque
ntly
, K
emp
and Thomas estimated the loadings of several elements to the lake
sediments (Table 3.2—5)-
Dist
ribu
tion
s of
merc
ury
and
lead
in L
ake
Huro
n se
dime
nts
are
show
n in
Figures 3.2—1 (96) and 1.2—8 (28). Figure 1.2—9 shows the lead pro—
files for Georgian Bay and Lake Huron sediment cores. Summaries of
the lead analyses reported by PLUARG (28) are given in Tables 3.2—6
and 3.2—7. Extensive discussions for the interpretation of the Lake
Huron sediment data are found in references 25, 28 and 96. For
example, the ULRG has stated that "enrichment in Hg, Pb, Cu, Ni and Cd
can be observed in the Saginaw Basin, reflecting point source dis—
charges to Saginaw Bay." (Saginaw Bay data is shown in Table 3.2—8).
"Mean Hg values (in the northern Manitoulin and Mackinac Basins) are
high with no obvious anthropogenic Hg source." With regard to lead,
Kemp and Thomas state that "the Pb enrichments in northern Lake Huron
may be due to anthropogenic inputs and/or migration of Pb in the pure
waters. Loading calculations indicate that atmospheric inputs of Pb
could account for the Pb enrichment." The reader is referred to the
above noted references for further information.
Analyses of Lake Huron harbor sediments are shown in Tables 3.2—9 and
3.2-10 (99).
organic Contaminants
The results of studies on organic contaminants in Lake Huron sedi-
ments, by Glooschenko gt al. (12) and by the Upper Lakes Reference
Group (96), are summarized in Table 3.2—11. Levels of PCBs in
Georgian Bay sediments ranged from less than the detection limit to
900 ug/kg (96). The ULRG reported that only one U.S. location —
Harbor Beach — had PCBs detectable on sediments (18—27 ug/kg). 1976
data from U.S. EPA, however, reported PCB levels in the Saginaw River
and Bay from <.l—22.9 mg/kg (100). Table 3.2—11 also contains informa-
tion on PBB levels in Pine River sediments (165). Table 3.2—12
summarizes additional data from the ULRG report.
PLUA
RG i
n it
s 19
78 r
epor
t to
the
Comm
issi
on
(9),
esti
mate
d an
aver
age
of 4 ug/kg of PCBs in Lake Huron sediments. PLUARG data on pesticide
levels in stream bed sediments of three Lake Huron watersheds (170) is
foun
d in
Tabl
e 1.
2-14
(in
the
Lake
Erie
chap
ter)
. T
he w
ater
shed
s ar
e
described in Table 1.1-11.
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TABLE 3.
2-1 HEAN
LEVELS OF
TRACE MET
ALS IN TH
E
SEDIM
ENTs
OF LA
KE HU
RON
(Hg in
ug/kg,
all oth
ers in
mg/kg)
Hg
Pb
Cu
Zn
Ni
Co
Cr
Cd
V
Sr
As
l
>
<
|
>
<
K
/
I
>
<
|
>
<
l
>
<
|
>
<
|
>
<
l
>
<
SECTOR No. of ‘ '
Sample
s
(s)
(s)
(s)
(s)
(s)
(s)
(s)
(S)
(S)
(S)
(S)
Tot
al
Lak
e
197
217
49
32
62
39
17
3:
1.4
44
66
1.0
9
(160
)
(34)
(23)
(48)
(25)
(18)
(19)
(3.9
)
(27)
(36)
(2.1
6)
 
Non
—De
pos
iti
ona
l
96
166
35
21
42
29
17
2
1
1.5
36
55
0.73
Zo
ne
(1
23
)
(2
8)
(2
0)
(3
5)
(2
4)
(2
1)
(1
5>
(5
.2
> (
23)
(38)
(0.90)
Tota
l B
asin
s
80
277
66
46
86
51
17
41
1.3
54
79
1.88
(177
)
(35)
(18)
(50)
(21)
(13)
(17)
(0.8
)
(27)
(28)
(3.5
)
Mack
inac
11
229
67
47
111
52
14
65
1.4
67
70
2.60
(106
)
(41)
(18)
(80)
(18)
(6)
(16)
(0.8
)
(15)
(27)
(3.4
)
Mani
toul
in
42
286
70
51
92
54
17
43
1.3
54
90
1.72
(202
)
(41)
(16)
(44)
(16)
(12)
(15)
(0.7
)
(32)
(25)
(3.4
)
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2
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1.7
65
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—
(12)
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)
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4
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63
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(17)
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)
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)
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n
5
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14
36
1.0
56
_
74
-
(17
4)
(27
)
(11
)
(27
)
(8)
(7)
(8)
(0.
4)
/(1
9)
(17
)
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TABLE 3.2-2 MEAN LEVELS OF TRACE METALS IN THE SEDIMENTS
OF GEORGIAN BAY AND NORTH CHANNEL
(Hg in ug/kg, all others in mg/kg)
Hg
P
b
Cu
Zn
Ni
Co
Cr
Cd
Sr
As
SECTOR
No. of
Samples
[
x
I
>
<
l
x
I
x
I
x
|
x
m
[
X
I
x
I
x
w
|
x
V?
(s)
Total
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Non-Depositional
Zone
76
Total Basins
40
222
(130)
184
(615)
39
2
(1517)
4
3
(29)
3
4
(23)
6
7
(27)
43 102 100 21 132
(23)
(57)
(59)
(9)
(118)
35
77
79
19
114
(20)
(43)
(51)
(10)
(111)
60 146 119 24 176
(16)
(43)
(51)
(7) (134)
1.47
(1.06)
1.21
(0.77)
2.01
(1.51)
67
(
2
5
)
63
(23)
77
(18)
115
(101)
128
(143)
12
4
(44)
4.16
(7.18)
4.21
(7.09)
7.19
(9.
92)
Nottawasaga 14
Owen Sound Tr. 6
Li
on
's
Tr
ou
gh
2
Cabot 4
Flowerpot
7
s
u
x
s
e
q
—
q
n
g
Fre
nch
Riv
er
3
Parry Sound 1
 
301
(570)
65
(45)
4800
(6630)
7
2
(15)
75
(17)
79
(5)
200
69
(26)
57
(31)
100
(14)
86
(27)
5
1
(24)
66
(2
7)
61
55 150 105 22 140
(13) (42) (46) (6) (99)
53 125 112 23 175
(14) (44) (48) (8) (162)
76 179 111 29 155
(11) (33) (52) (3) (34)
78 166 168 31 313
(12) (37) (48) (7) (226)
59 119 104 22 156
(21) (40) (32) (5) (67)
71 163 169 25 143
(10) (44) (81) (3) (50)
42 204 210 35 530
1.94
(0.89)
1.45
(0.46)
2.30
(0.14)
1.57
(
0
.
3
9
)
1.
44
(
0
.
5
3
)
3.13
(2.63)
1.70
70
(9)
6
4
(6
)
80
(11)
9
4
(26)
8
7
(19)
9
7
(
2
3
)
8
1
113
(61)
99
(25)
138
(42)
155
(7
)
140
(39)
157
(15)
116
7.01
(7.00)
5.
92
(4.72)
3
0
.
0
(8.49)
4.13
(8.59)
0.66
(0.59)
19.
07
(21.09)
1.00
North Channel
53
151
(232)
39
(30)
42 105 116 22 125
(26) (65) (66) (11) (110)
1.46
(0.
90)
6
6
(30)
93
(
4
3
)
1.83
(
2
.
9
3
)
      
  
TABLE 3.2—3
HEAVY METALS IN SURFICIAL SEDIMENTS OF LAKE HURON
CONCENTRATION IN Ins/kg a
Sample Zinc Cadmiuma Lead“ Mercury
Area Size Min. Mean Std. Min. Mean Std. Min. Mean Std. Min. Mean Std.
Max. Dev. Max. Dev. Max. Dev. , Max. Dev.
Lake Huron 8 12.0 17.75 4.46 <1.9 9.4 16.55 6.3 <0.01
A 6 B 25 2.9 29.0 <0.01
Lake Huron 6 3.93 9.02 4.5 <2.0 1.3 15 5 11.0 0.006
C 16.0 12.0 28.5 0.011
Goderlch 3 15.7 29.7 16.3 <2.0 33.1 49.9 16 1 0.019 0-059 0-035
Harbour 47.6 2.96 65.1 0.082
Georgian Bay 12 7.5 65 1 35.1 <2.0 6.04 28.2 12 8 0.005
D 115 2.9 47 Che/4
Georgian Bay 6 4.99 54.6 31.9 <1.0 <6.0 <0.01
E 98.1 2.97 46.0 0.045
Tobermory 3 81.6 90.5 8.7 2.85 2.91 0.06 60.7 75.6 24.6 0.042 0.051 0.008
Harbour 99.0 2.97 104.0 0.056
Owen Sound 6 57.2 103.7 47.7 <2.0 26.4 75.6 53.1 0.026 0.166 0.143
Harbour 187.0 3.95 174.0 0 435
Collingvood 3 99.1 116.4 15.1 3.92 4.19 0.27 85.8 162.3 98.9 0.084 0.146 0.06
Harbour 127.0 4.46 274.0 0 189
Penetang— 8 89.0 130.5 42.6 <1.9 30.6 57.2 24.2 0.052 0.18 0.16
Midland 228.0 2.84 104.0 0.52
Parry Sound 20 25 107.9 73.7 0.5 9 41.6 35.7 0 02 0.12 0 14
Harbour 290 3.98 160 0.534
North Channel. 19 17.8 95.29 71.42 <2.0 2.5 31.31 24.94 <0.01
F 233.0 3.95 99.2 0.149
Spanish 19 17.5 83.8 49.25 0.50 2.53 1.14 1.8 26.38 18.18 0.01 0.055 0.034
Harbour 213.0 3.98 82.0 0.127
Serpent 20 44 155.9 52.3 <1.0 11 52.2 21.99 0.04 0.077 0.040
Harbour 226 2.0 83 0.12
DeTour 1 5.4 <0.4 <1 <0.1
Cheboygan 5 5.6 40.7 55.8 <0.4 <1 4.7 3.7 <0.1
140 10
Presque Isle 1 34 <0.4 19 <0.1
Alpena 6 24 31.0 7.3 <0.4 8 15.0 8 0 <0 1
44 30
Harrisville 1 26 <0.4 4 <0.
Tavas City 6 12 19.6 5.5 <0.4 5 10.0 4 3 <0 1
26 16
Harbor Beach 4 44 126.0 57.2 <0.4 12 26.5 10.5 <0.1 _
170 36
Leximon 1 70 <0. 4 13 <0.1
CONCENTRATION IN lug/k
Sample Coppera Chromiuma Nickela Iron 1
Area Size Min. Mean Std. Min. Mean Std. Min. Mean Std. Min. Mean Std.
Max. Dev. Max. Dev. Max. Dev. Max. Dev.
Lake Huron 8 2.9 10.2 7 6 5.5 12.5 4.6 3.0 11.9 4.9 0.4 0 71 0.25
A 6 B 25 20.0 19.0 1.1
Lake Huron 6 <5.0 4 5 11.7 3.9 <4.5 0.4 0.56 0 27
C 7.5 16.5 21.0 1.1
Coderich 3 12.8 18.0 6 9 15 2 20.9 6.7 10.8 16.67 6.34 0.55 0 92 0.40
Harbour 25.9 28.3 23.4 1.35
Georgian Bay 12 <5.0 25.1 16.7 <7.0 25.5 16.4 11.8 36.7 17.9 0.40 2.28 1 36
D 52.0 55 58.0 4.0
Georgian Bay 6 (5.0 <5.0 <5.0 0.73 1 75 0.58
E 32.3 35.6 78.0 2.4
Tobermory 3 28.2 32.4 4.8 39.9 43.1 2.9 35.4 42.4 6.4 1.23 1 4 0.17
Harbour 37.7 45.7 47.9 1.56
Owen Sound 6 20.0 38.6 14.7 14.0 17 4.2 27.0 31.4 6.9 1.18 1 5 0.49
Harbour 62.7 20.0 45.0 2.5
Collingwood 3 37.2 44.7 6.85 23.8 24.7 1.29 28.3 31.3 2.7 1.08 1.14 0 07
Harbour 50.6 26.3 33.3 1.21
Penetahg— 8 15.3 28.5 10.9 28.7 65.4 40.7 19.1 36.7 ' 22.4 1.3 2.47 0.62
Midland 43.9 156.0 88.0 3.28
Parry Sound 20 6.0 24.5 9.9 4.0 19.9 13.0 4.0 18.21 9.48 0.3 2 33 1.50
Harbour 42.0 53.5 32.0 6.7
North Channel 19 <5.0 7.92 37.08 21.92 19.8 109.6 142.8 0.57 2.06 1.069
F 489.0 68 9 562 4.85
Spanish 19 - - - 10 35.11 15.06 - — — 0.84 ‘ 1.46 0,45
Harbour 62 2.42
Serpent 20 14.0 40.45 15.34 13 29.95 9.15 20 103.5 95.84 0.89 1.88 0.51
Harbour 68.0 46 335 2.88
DeTOur 1 1.2 <0.2 2 0,26
Cheboygan '5 1.0 4.60 3.99 2.0 6.72 6.48 <1 4.7 4.4 0.20 0.392 0.279
16.0 18.0 12 0.86
Preaque Isle 1 11.0 7.8 20 0.48
Alpena 6 3.8 6.53 3.24 3.0 5.26 1.66 6 10.0 3.2 0.32 0.460 0.128
12.0 7-2 15 0.60
Harri-ville 1 1.8 2.8 5 0.62
Taual City 6 3.0 6.86 3.82 0.6 7.50 5.11 7 13.0 5.6 0.22 0.533 0.248
12.0 14.0 20 0.80
Harbor Beach 4 14.0 20.00 4.30 11.0 14.20 3.50 24 30.5 5.7 1.70 3.400 2.970
24.0 19.0 38 7.80
Lexington 1 4.6 3.4 10 0_52
               
a. If lean and Std. Dev. are not shown, less than values were found for more than 151 of the aanplel.
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M
E
A
N
L
E
V
E
L
S
O
F
M
E
T
A
L
S
IN
R
E
C
E
N
T
(
S
U
R
F
A
C
E
)
A
N
D
P
R
E
—
C
O
L
O
N
I
A
L
(
D
E
E
P
E
R
)
S
E
D
I
M
E
N
T
IN
L
A
K
E
H
U
R
O
N
  
CONCENTRATION IN mg/kg
METAL
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0
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0
Pb
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19
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2
1
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i
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TABLE 3.2-5
ESTIMATED LOADINGS OF ELEMENTS TO THE
SEDIMENTS OF LAKE HURONa
   
LOADING IN TONNES PER YEAR
ELEMENT
AnthropogenicC Natural Total
Hg 0.34 0.42 0.76
Pb 400 120 520
Zn 520 275 795
Cd 3 5 8
Cu 125 110 235
Organic C 33,900 126,700 160,600
N 5,180 16,200 21,380
P 1,460 3,290 4,750
    
b.
Information from Reference (25)-
Values calculated based on the results of three cores.
Anthropogenic refers to that fraction derived from man's activities
as distinct from natural (background) sources.
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 TABLE 3.2—6
LEAD IN GREAT LAKES SEDIMENTS — LAKE HURON
(Ref. 28)
LAKE HURON N PéM PPM TONNES EESDI¥S§NES PB
PER YR.xlO6 PER YEAR
Total Lake 177 49 34 — —
Non Depositional Zone 97 35 28 — -
Total Basin 80 66 35 — 690
Mackinac 11 67 41 — -
Manitoulin 42 7O 41 — —
Alpena 2 59 7 - —
Saginaw 4 87 19 — —
Goderich 16 58 12 — -
Port Huron 5 38 27 — —
 
Acres Report
Atmospheric Loading
Model
Precip. Chem.
690 tonnes/year
460 tonnes/year
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TABLE 3.2—7
LEAD IN GREAT LAKES SEDIMENTS — GEORGIAN BAY
  
174
(Ref. 28)
GEORGIAN BAY N FEM 22M
Total Lake 116 43 29
Non Depositional Zone 76 34 23
Total Basins 40 67 27
Nottawasaga 14 69 26
Owen Sound 6 57 31
.Lion's 2 100 14
Cabot 4 86 27
Flowerpot 7 51 24
French River 3 66 27
Parry Sound 1 61 —
North Channel 55 39 30
Acres Report
Atmospheric Loading
Model 270 tonnes/year
Precip. Chem. 320 tonnes/year
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 TABLE 3.2—10
CALCITE HARBOR SEDIMENT CHEMISTRY
(Ref. 99)
 
1975 EPA DREDGING
Max . GUIDELINESa
 
6 4 25-50
0.2 0.2 >6b
26 19.4 90—200
26 16 25—75
12 8.8 40—60
.07 .05 >l.0b
1.8 0.9 1,000— ,000
7 5.5 426::50
0.4 0.2 40,000—80,000
aValues given are for "moderately polluted” dredge spoil.
"Heavily polluted" spoil is in excess of these values.
bHeavily polluted.
NOT
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Cal
cit
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 DATE
1974
1974—75
1976
1974—75
1974—75
1974
1977
TABLE 3.2—11
ORGANIC CONTAMINANTS QUANTIFIED IN
LAKE HURON BASIN SEDIMENTS
SAMPLE SITES
Open lake and
nearshore areas
18 sites
Saginaw Bay
Saginaw Bay—River
St. Mary's River
Nearshore areas
1/4 mile upstream
from Michigan
Chemical Corp.
St. Louis Reservoir
(downstream from Michigan
Chemical Corp.
29 miles from reservoir
1/4 mile upstream from
Michigan Chemical Corp.
St. Louis Reservoir
29 miles from reservoir
CONTAMINANTS AND QUANTITIES (pg/kg)
178
PCBs: Trace — 20
Dieldrin: N. D. — trace
p,p—DDE: N. D. — lO
p,p—TDE: N. D. - 9
p,p—DDT: N. D. — 12
o,p—DDT: N. D. — l
E DDT: N. D. — 22
Pesticides — PCBszbelow
detection limit
Dibutyl phthalate — 290 ug/kg
at Saginaw River mouth
Dibutyl phthalate - <200 ug/kg
at outer bay
PCBs - <0.1 - 22.9 mg/kg
(vicinity of Saginaw
sewage treatment plant)
PCBs — 11.8 mg/kg (downstream
of Bay City STP)
Phenols — 13mg/kg
5 km from Algoma Steel
PCB, DDE, Dieldrin, DDD, p,p—DDT,
o,p-DDT
(See Table 3.2—12)
PBB <100
PBB — 4800
PBB — lOO
PBB — 350
PBB"7lOO
PBB — 150
SOURCE
12
96
100
100
96
96
165
165
‘
3
»
.
 
 TABLE 3.2-12
1974—75
CONCENTRATIONS OF PCB’S AND PESTICIDES IN THE NEARSHORE
SURFICIAL SEDIMENTS OF LAKE HURON
         
CONCENTRATION IN ug/kg
Area Sample PCB DDE Dieldrin DDD pp DDT op\DDT
Sized ‘
Lake Huron 8 65 a a a a a
A & B (2)
Lake Huron 6 a a a a a a
C
Georgian Bay 12 46.6 2.5 1.6 2.8 1.5 a
D (5) (4) (3) (6) (6)
Georgian Bay 6 40 b a a a a
E (1)
Tobermory 1 4O 4 a a 2 2
Harbour
Owen Sound 6 267.5 13.6 4.5 14.3 4.2 a
Harbour (4) (2)
Collingwood 3 853 8.3 a 14 5 c
Harbour
Penetang— 8 32 2. 2 1.1 5 b 5
Midland (4) (2) (4) (2)
Parry Sound 19 a a a a a a
Harbour
North Channel 19 a 3.5 a 4.3 .6.7 7
F (6) (5) (4) (2)
Spanish 18 56.8 1.4 a 1.9 1.8 a
Harbour (16) (16] (16) (16)
Serpent 16 a 1.3 a a a a
HarbOur
a. Non—detectable.
b. Trace.
c. Not Analyzed.
d. Parentheses denote the number of samples above detection limit.
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 3.3 DATA ON AIR QUALITY AND PRECIPITATION
Atmospheric loadings to Lake Huron were calculated by Acres
Consulting Services Ltd. and Applied Earth Science
Consultants Inc. (101), and reported in the ULRG report (96)
(Table 3.3—1). Twenty—two U.S. source regions and eleven
Canadian source regions were considered to contribute to the
loadings to Lake Huron, and the estimated contributions from
each source are outlined in Table 3.3—2 (96). The Reference
Group did not calculate the relative significance of
atmospheric sources within material balances for substances
such as mercury or PCBs because the "input sources sampled
were belowthe detection limit for these materials."
Thirteen samples of rain over Lake Huron and Georgian Bay (46),
indicated PCB and pesticide concentrations in nanogram per
liter quantities, which are shown in Table 3.3—3.
Murphy in 1978, reported an average of 19 ng/l of PCBs in
rain over Saginaw Bay, of which 70% was "dissolved" and 30%
was "filterable or particulate". The calculated input of
PCBs in kg/km /yr was 0.014 (102).
Two PLUARG studies (170, 172) determined the levels of several
pesticides, heavy metals and PCBs in rainwater collected in
the Au Sable River Basin. The results are shown in Tables
1.3-3 to 1.3—5, under the designation of AG-3. The tables
are found within the chapter on Lake Erie.
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 TABLE 3.3-1
PERCENT
OF
LOADINGS
To
LAKE
HURON
BY
AIR
POLLUTION
SOURCE
REGIONa
 
Air Pollution Source Region
Percent
of
Total
Atmospheric
Loading
 
Sulphate
Phosphorus
Saginaw
Detroit
Port Huron
Lower Michigan
Northern Michigan
St. Louis
Chicago
Central Illinois
Green Bay
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Wisconsin
Duluth
Minneapolis
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Toronto
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a. From Reference (101).
b.
United
States
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TABLE 3.3—3
ANALYSES OF 13 SAMPLES OF RAIN FROM
LAKE HURON - GEORGIAN BAY
(Ref. 46)
Parameter
CONCENTRATIONS
{ﬁg/2)
Total PCB
Lindane
DCBHC
ZDDT—Residues
OEEndosulfan
BEndosulfan
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H
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)
Apri
l—Ju
ne 1
975
July
—Se
t. 1
975
3
Oc
t.
—D
ec
.
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Air
p.m
.
Air
p.m
.
Air
p.m
.
Air
p.m
.
1
8
4
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3
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0
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.6
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7
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8
197
8
8
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.6
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1 8
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1
7
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1
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300
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1
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173
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O
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H
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*ug/g of particulate matter
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0f
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dis
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e d
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TABLE 3.4—1
1973 SURVEY OF ORGANIC CONTAMINANTS IN LAKE HURON
BASIN MUNICIPAL INFLUENTS,
Aroclor 1221, 1232, 1242, 1258,
1254, 1260, 1262, 1268
o,p-DDD
p,p—DDD
o,p-DDE
p,p—DDE
o,p—DDT
p,p—DDT
Heptachlor epoxide
COMPOUNDS SOUGHT (a)
EFFLUENTS AND SLUDGES
Methoxychlor
Di—N—butyl phthalate
Di-Z—ethyl phthalate
Chlordane
Lindane
Heptachlor
Aldrin
Dieldrin
Endrin
Detection
limits
for
phthalates
were
0.05
Ug/L
(influent
and
effluent)
and 0.05 mg/kg dry sludge.
All
other
detection
limits
were
0.001
ug/L
and
0.001
mg/kg
for
influents—effluents
and
sludges
respectively.
MUNICIPAL PLANT
Bay City, MI
Flint, MI
COMPOUNDS ABOVE QUANTIFICATION
LEVELS AND CONCENTRATIONS
 
Aroclor 1254:
p,p—DDD:
p,p—DDE:
Di—N—butyl phthalate:
Di-2—ethyl phthalate:
Chlordane:
Aroclor 1242:
Aroclor 1254:
Lindane:
Heptachlor:
186
Influent, 1.6 ppb
Effluent, .91 ppb
Sludge, 8—16 ppm
Sludge, .Ol—.O4 ppm
Sludge, .1—.3 ppm
Influent, 6 ppb
Sludge, 110-190 ppm
Sludge, 32—210 ppm
Influent, 0.05 ppb
Sludge, 6—7 ppm
lnfluent, 2.9 ppb
Effluent, 0.6—1.1 ppb
Sludge, 4—5 ppm
Influent, 0.03 ppb
Effluent, 0.007—0.018 ppb
Effluent, <.001—.007 ppb
MUNICIPAL PLANT
Flint, MI (continued)
Owosso, MI
TABLE 3.4-1 CONT‘D
COMPOUNDS ABOVE QUANTIFICATION
LEVELS AND CONCENTRATIONS
 
Aldrin:
Heptachlor epoxide:
Dieldrin:
Endrin:
p,p—DDT:
p,p-DDD:
o,p-DDE:
p,p—DDE:
Di—N—butyl phthalate:
Di—Z-ethyl phthalate:
Aroclor 1254:
Lindane:
Heptachlor:
Aldrin:
Dieldrin:
o,p—DDT:
p,p-DDD:
o,p-DDE:
p,p-DDE:
Di—N-butyl phthalate:
187
Influent,
Effluent,
Sludge,
Sludge,
Influent,
Effluent,
Sludge,
Influent,
Effluent,
Sludge,
Sludge,
Influent,
Sludge,
Effluent,
Sludge,
Influent,
Effluent,
Sludge,
Influent,
Effluent,
Sludge,
Influent,
Effluent,
Sludge,
Influent,
Effluent,
Effluent,
Influent,
Effluent,
Sludge,
Sludge,
Sludge,
Sludge,
Influent,
Effluent,
Sludge,
Influent,
Effluent,
Sludge,
A
O
O
A
C
'
/
\
<
<
0
0.28 ppb
0.
O
<
04—0.06 ppb
.02-0.03 ppm
.OOl—0.029 ppm
.03 ppb
.OOl—.OO7 ppb
.009—0.056 ppm
.03 ppb
.OOl—0.0l7 ppb
.OOl-.025 ppm
.OOl—.Ol4 ppm
.02 ppb
.OOl-.045 ppm
.001—.21 ppb
.012—.O65 ppm
35 ppb
<.
<.
05 ppb
05-11 ppm
23 ppb
<.
21-110 ppm
1.
l.
7-
.01 ppb
.016 ppb
.16 ppb
.26 ppb
.22 ppb
.25—.38 ppm
.001—0.008 ppm
.003-.21 ppm
.OOl-.ll ppm
.35 ppb
.31 ppb
.OOl—l.4 ppm
70 ppb
lMOpw
230-300 ppm
A
O
O
A
O
A
O
O
O
O
O
O
05 ppb
1 ppb
3 ppb
12 ppm
 
TABLE 3 .4—1 CONT' D
COMPOUNDS ABOVE QUANTIFICATION
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48
0-
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0
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m
Chlordane: Influent, 0.04 ppb
Effluent, 0.12 ppb
3)
So
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:
U.
S.
EP
A
—
Re
gi
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V
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3. 5
 
DATA ON BENTHOS AND PLANKTON
Glooschenko gt 1;. (12) reported that PCBs were observed at
quantifiable levels in seston at all but one station in
Lake Huron during 1974. At the remaining 14 stations,
PCB concentrations between 0.5 to 8.1 ppm were found.
Dieldrin and p,p1 — DDE were found in trace amounts in
seston at most stations, with dieldrinappearing more
frequently. Seston masses were collected with a plankton
net which was dragged 2 m from the bottom or 100 m deep,
depending which was more shallow. No organophosphorus
compounds were detected.
189
3.6
DATA ON FISH CONTAMINANTS
There are three major fish contaminant monitoring programs
on Lake Huron. The Ontario Min. Envir. andMin. Nat. Res.
in the Fish Contaminant Analysis Program, regularly sample
fish from the North Channel, Georgian Bay and several
nearshore areas (North of Southampton, Denny's Dam and
Goderich). Filets of many species of fish are analyzed
primarily for mercury and PCBs. Organic scans are also
utilized. Within the State of Michigan waters, the U.S.
Fish and Wildlife National Pesticide Program determines a
variety of pesticides and mercury in fish from areas near
Bayport and Alpena. Table 3.6-1 illustrates the information
from the National Pesticide Program on Lake Huron fish during
1974 (104). Also the GLECS program, described under
section 1.6 on Lake Erie fish data, samples fish from 6
regions of Lake Huron which are illustrated in Figure
3.6—1. Examples of information from the GLECS program
are shown in Table 3.6-2 (105).
The results of the above programs plus several other
investigations, were integrated in the ULRG report, within
which there are extensive discussions on contaminants in
fish tissue. Some of the tables from the ULRG report (96)
are presented here. Table 3.6—3 shows the results of an
effort to evaluate the concentrations of 42 trace elements
in burbot and bloater chubs from Lake Huron. Tables 3.6—4
to 3.6—9 show the concentrations of commonly sought heavy
metals and chlorinated organics in several species of Lake
Huron fish. Previously unrecognized contaminants are also
shown in Tables 3.6—8 to 3.6—9, including compounds such as
octachlorostyrene, nonachlor and methylbenzothiophene. The
Reference Group noted that: "the identification of such
a wide range of organics was not anticipated in these fish".
"Of greatest concern is the fact that many of these compounds
are noted for their stable characteristics and long lives in
aquatic systems. They can only be attributed to products
of man and his activities." "It is apparent that Lake
Huron is being contaminated with persistent toxic organic
compounds from essentially unknown sources."
Table 3.6—10 outlines additionaldata on organic contami—
nants in Lake Huron fish tissue (106—108). Efforts to
detect the lampricide TFM (106) and mirex (107), showed
the absence of these compounds in Lake Huron fish tissue.
Table 3.6—11 shows the PBB concentrations observed in the
Pine River. The Pine River flows into the Tittabawassee
River, which meets with the Shiawassee River which
eventually enters the Saginaw Bay.
A PLUARG study (171) determined organochlorine and heavy
metal residues in shiners from the Saugeen and Nottawasaga
Rivers. The concentrations are shown in Tables 1.6—11,
1.6—13 and 1.6—14 (Lake Erie section) and in Tables 3.6-12
and 3.6-13.
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Date
 
19
74
19
74
1974
19
74
19
74
19
74
19
74
19
74
1974
19
74
19
74
1975
CO
NT
AM
IN
AN
T
DA
TA
(a)
Zone
 
MH—l
SEecies
Br
ow
n
Tr
ou
t
Bro
wn
Tro
ut
Br
ow
n
Tr
ou
t
Ca
rp
Ch
in
oo
k
Salmon
Sal
mon
Suckers
Wal
ley
e
Yel
low
Per
ch
Yel
low
Per
ch
Yellow
Perch
Br
ow
n
Tr
ou
t
 
<3
3—5
<3
5-
10
<13
>13
<9
>9
>9
<9
>9
<3
3-5
lbs.
lb
s.
lb
s.
lbs.
lb
s.
lbs.
lb
s.
lbs.
lbs.
lbs.
lbs.
lbs.
in.
1
1n.
in.
lbs.
lbs.
TABLE
3.6—2
SU
MM
AR
Y
OF
GL
EC
S
LA
KE
HU
RO
N
FI
SH
PR
EP
AR
ED
BY
TH
E
MI
CH
IG
AN
DE
PA
RT
ME
NT
OF
AG
RI
CU
LT
UR
E
Num
ber
m
m
N
N
(
'
7
1
6
20
3
2
14
Co
nt
am
in
an
t
Le
ve
l
(pp
m)
 
DDT
00
.3
1
00.
58
0
0
.
2
1
00.
79
00
.2
51
0.
10
01
.1
4
00
.5
4
00
.5
1
01
.2
6
00
.1
3
00.
56
01
.5
2
00
.0
2
00
.1
2
00
.0
2
00
.0
4
00
.0
0
00.
00i
0.0
0
00
.0
3:
0.
02
00
.o
r:
0.
02
00.
06:
0.0
4
00.
36
00
.8
3
PCB
00.
35
01.09
00.26
01.
93
01
.0
6:
0.
54
04.
30
01.
29
00
.7
7
02.
97
00
.4
8
01.
36
03
.5
4
00.15
00
.6
1
00.00
00.
00
00.00
00.
00
00.02
:0.03
00.03
:0.10
00.23
:0.20
00.
64
01.
70
Mer
cur
y
00.
13
00
.1
0
00.
06
00
.2
0
00
.0
7i
0.
04
00.05
00.00
00.00
00.
00
00
.1
0
00.10
00.
34
00.
01
00.
06
00
.2
0
00.
16:
0.0
5
00.
17:
0.0
5
00.
33i
0.1
0
00.15
i0.06
00.04
i0.00
00.
17:
0.0
0
00
.0
8
00.
17
(cont
inued
)
Diel
drin
00.
01
00.
02
00.
02
00.
05
00.
00
00.
02
00.
03
00.
06
00
.0
7
00.03
00
.0
4
00.06
00.00
00.
00
00.00
00.00
00.
00
00.00
00
.0
2
00.
00
00.
00
00.
03
00.
05
 
1
9
4
Date
19
75
19
75
19
75
1975
1975
19
75
1975
19
75
1975
1975
(a)
S e
cie
s
Br
ow
n
Tr
ou
t
Ca
rp
Ca
rp
La
ke
Tr
ou
t
Lak
e T
rou
t
Smelt
Smelt
Suc
ker
s
Wh
it
e
Fi
sh
Whi
te
Fish
TA
BL
E
3.
6—
2
CO
NT
'D
Si
ze
5—
10
lbs
.
<5
lbs.
>5
lb
s.
<5
lbs.
>5
lbs.
<3
lbs.
3—
5
lb
s.
5-
10
lbs
.
NO
CA
TE
GO
RY
NO
CA
TE
GO
RY
<16
in.
>1
6
in
.
<17
in.
17
—2
0
in.
>20
in.
<17
in.
17
—2
0
in.
>
2
0
in
.
Se
e
Fi
gu
re
3.
6—
1
fo
r
zo
ne
de
si
gn
at
io
ns
 
Num
ber
1
1
m
m
<
T
DDT
00.
53
00.
11
00
.3
9:
0.
06
00.
22:
Q.1
8
00.
72
00.
53:
0.2
7
01
.3
3:
0.
28
00
.5
2
00
.4
8
0
0
.
1
7
00
.3
6
00
.4
5
00
.2
1
00
.1
4
00
.2
4
00
.2
0
00.
24
0
0
.
2
4
Co
nt
am
in
an
t
Le
ve
l
(p
pm
)
PCB
01
.1
4
00.
93
02.
00:
0.5
7
00
.9
2:
Q.
86
02.
75
00
.9
9:
0.
44
02
.1
6:
0.
38
05.
70
00.
69
00
.8
0
00.
66
00.
59
00.
23
00
.2
0
00.
25
00.
23
00.
43
00
.3
8
 
M
e
r
c
ur
x
00
.1
5
0
0
.
0
7
00
.0
6:
0.
00
00
.1
6:
0.
09
00
.0
8
00
.1
2:
0.
00
00
.1
6i
p.
02
00
.3
7
0
0
.
0
7
0
0
.
4
2
00
.0
7
00
.1
3
00.
05
00
.0
7
00.
06
00.
00
00.
00
00.
00
Di
el
dr
in
00.
03
00.
00
00
.0
0i
0.
00
00
.0
0:
0.
00
00
.0
2
00
.0
5:
0.
00
00
.0
8:
0.
00
0
0
.
0
8
00
.0
2
00.
00
00.
03
00.
05
00.
05
0
0
.
0
2
00.
06
00
.0
6
00.
06
0
0
.
0
8
     
TABLE 3.6-3
TRACE ELEMENTS DETECTED BY SPARK SOURCE MASS SPECTROMETRY IN
WHOLE-FISH SAMPLES OF BURBOT AND BLOATER CHUB
FROM OPEN WATERS OF LAKE HURON OFF GODERICH, ONTARIO
CONCENTRATION IN ug/ g
ELEMENT BURBOT BLOATER CHUB
Lead (Pb) 0.095 0.075
Neodymium (Nd) a a
Praseodymium (Pr) a 0.020
Cerium (Ce) a a
Lanthanum (La) 0.025 0.060
Barium (Ba) 0.25 0.030
Cesium (Cs) a a
Iodine (I) 18 12
Tellurium (Te) 0.050 a
Tin (Sn) 0.82 0.35
Indium (In) 0.025 0.055
Cadmium (Cd) 3 0.170
Silver (Ag) 0 060 ‘b.080
Rhodium (Rh) a a
Molybdenum (Mo) 0.030 a
Zirconium (Zr) a a
Strontium (Sr) 3.2 3.8
Rubidium (Rb) 2.4 2.2 '
Bromine (Br) 8.5 5.3
Selenium (Se) 0.19 0.28
Arsenic (As) 0.005 0.013
Germanium (Ge) 0.16 1.3
Gallium (Ga) 0.02 0.12
Zinc (Zn) 16 25
Copper (Cu) a a
Nickel (Ni) a a
Cobalt (Co) 0 24 1.0
Iron (Fe) 22 11
Manganese (Mn) 1.7 2.4
Chromium (Cr) 0.68 1.8
Vanadium (V) 0.075 0 26
Titanium (Ti) 0.13 O 16
Scandium (Sc) 0.075 0.44
Aluminum (A1) a a
Fluorine (F) 0.83 0.27
Calcium (Ca) >54 >27
Potassium (K) >13 >6
Chlorine (C1) >50 >20
* Sulphur (S) >22 >60
Phosphorus (P) >26 >15
Magnesium (Mg) >22 >9
Sodium (Na) >25 >14
a. Not detected
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 ME
AN
CO
NC
EN
TR
AT
IO
NS
(M
G/
KG
WE
T
WE
IG
HT
BA
SI
S)
OF
SE
LE
CT
ED
TABLE 3.6-4
IN
FI
SH
CO
LL
EC
TE
D
FR
OM
NE
AR
SH
OR
E
LA
KE
HU
RO
N
WA
TE
RS
,
TRACE CONTAMINANTS
1974 AND 1975
         
LOC
ATI
ON
SPE
CIE
S
DDT
PCB
DIE
LDR
IN
Hg
Cu
Cd
MICHIGAN
Detection Limit
Hammond Bay Brown Trout
Perch
Rainbow Trout
Walleye
Whitefish
Brown Trout
Chinook
Perch
Whitefish
Perch
Tawa
s C
ity
1974
Whit
efis
h
0.12
0.22
0.03
0.03
197
5
Per
ch
.07
0.2
0
b
0.2
7
0.2
7
7.6
4
0.1
8
0.0
3
Har
bor
Bea
ch
Per
ch
0.1
3
0.3
0
h
0.3
4
0. 3
1
7.7
0
0.4
0
0.0
3
Lex
ing
tOn
Per
ch
0.0
5
0 1
3
b
0. 3
3
0. 2
4
7.12
0. 3
2
0.0
3
ONTARIO
Det
ect
ion
Lim
it
0.0
01
0.0
01
0.0
01
0.0
1
0.0
1
0.0
1
0.5
0.2
God
eri
ch
Per
ch
0.0
17
0.0
89
0.0
02
0.2
2
0.4
1
6.5
0
‘0.
5
'0.
2
Rain
bow
Trou
t
0.48
5
1.94
3
0.04
5
0.18
0.68
4.92
“0.5
'0.2
Whit
e S
ucke
r
0.26
1
0.60
6
0.03
4
0.14
0.75
6.57
"0.5
'0.2
Dou
gla
s P
oin
t
Rai
nbo
w T
rou
t
0.5
49
2.1
79
0.0
35
0.1
6
0.7
5
4.8
5
<0.
5
"0.
2
Whi
te
Suc
ker
0.1
12
0.3
56
0.0
09
0.2
3
0.6
4
6.3
2
<0.
5
<0.
2
Nort
hern
Pike
0.14
8
0.51
5
0.00
4
0.40
0.39
5.84
<0.5
<0.2
Owen
Soun
d
Perc
h
0.03
7
0.18
9
0.00
3
0.29
0.59
7.53
<0.5
‘0.2
Rain
bow
Trou
t
0.33
8
1.07
3
0.03
6
0.19
0.65
6.42
<0.5
<0.2
Whit
e S
ucke
r
0.32
5
0.69
3
0.03
1
0.11
0.61
6.65
<0.5
<0.2
Thor
nbur
y
Perc
h
0.01
7
0.09
3
0.00
2
0.22
0.45
6.90
<0.5
(0.2
Rain
bow
Trou
t
0.37
6
0.91
0
0.03
0
0.20
0.57
6.43
<0.5
<0.2
Whit
e Su
cker
0.32
3
0.56
2
0.02
3
0.10
0.62
7.70
<0.5
<0.2
Nott
awas
aga
Perc
h
0.04
0
0.18
3
0.00
3
0. 32
0.64
4.30
<0.5
<0.2
Rain
bow
Trou
t
0.41
5
1.20
7
0.03
4
0.18
0.53
5.09
<0.5
<0.2
Wall
eye
0.35
1
0.82
7
0.01
0
0.57
0.37
4.30
<0.5
<0.2
Whit
e Su
cker
0.72
3
1.15
3
0.05
1
0.16
0.74
6.27
<0.5
<0.2
Pene
tang
—Mid
land
Perc
h
0.02
4
0.11
5
0.00
2
0.27
0.60
7.15
<0.5
<0.2
Wall
eye
0.11
4
0.25
8
0.00
4
0.46
0.46
4.43
<0.5
<0.2
Rock
Bass
0.011
0.074
0.002
0.17
0.55
7.43
<0.5
<0.2
Span
ish
Rive
r
Perc
h
0.00
7
0.04
6
<0.0
01
0.27
0.60
6.23
<0.5
<0.2
Whit
e S
ucke
r
0.03
7
0.13
1
0.00
3
0.06
0.57
6.70
<0.5
<0.2
Nort
hern
Pike
0.02
4
0.11
4
<0.0
01
0.25
0.46
5.20
<0.5
<0.2
Serp
ent
Rive
r
Perc
h
0.02
7
0.14
9
0.00
2
0.31
0.54
7.26
<0.5
<0.2
White
Sucke
r
0.043
0.125
0.004
0.04
0.66
5.78
<0.5
<0.2
North
ern P
ike
0.085
0.266
0.001
0.40
0.49
6.45
<0.5
<0.2
Lake
Geor
ge
Perc
h
0.00
3
0.06
8
0.00
1
0.23
0.55
5.73
<0.5
<0.2
White
Sucke
r
0.073
0.194
0.004
0.13
0.64
5.55
<0.5
<0.2
North
ern
Pike
0.024
0.096
b
0.02
0.41
4.99
<0.5
<0.2
 
b. No: detected.
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AN
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G/
G)
AN
D
FA
T
(%)
IN
BU
RB
OT
(W
HO
LE
FI
SH
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FR
OM
TH
E
OP
EN
WA
TE
RS
OF
LA
KE
HU
RO
Na
’b
Co
mp
ou
nd
or
ele
men
t
Lo
ne
ly
Is
la
nd
Gode
rich
Str
ait
s
of
Mack
inac
Lake a
verage
(unwei
ghted)
c
Nd
n
Fat
To
ta
l
PC
B
To
ta
l
DD
T
op
'
DD
T
op
'
DD
E
pp
'
DD
T
pp'
DDE
pp
'
DD
D
Di
el
dr
in
Lindane
Ch
lo
rd
an
e
Me
th
ox
yc
hl
or
Mer
cur
y
Arsenic
C
a
d
m
i
um
Ch
ro
mi
um
Copper
Le
ad
Se
le
ni
um
Zinc
 
15
1
0
(0.
52)
(0.19)
(0.35)
(0.
02)
(0.
07)
(0.
22)
(0.
03)
H
x
‘
m
e
r
—
I
N
v
—
I
N
w
O
O
O
M
L
ﬁ
r
-
I
O
L
n
O
I
—
I
O
O
O
O
O
O
0.
11
(0
.0
08
)
(
0
.
0
0
5
)
(0.0
08)
 
N
M
Q
’
M
O
N
W
C
D
Q
’
Q
[
\
m
O
O
H
N
O
O
O
r
—
I
M
O
O
O
O
O
O
O
O
O
O
Q
L
n
0
0.06
0.23
0.
02
0.07
0.
75
0.
07
0.
80
11
.8
5
2
10
(0.15)
(0.05)
(0.
05)
(
0
.
0
0
5
)
(
0
.
0
0
5
)
(0.
02)
(0
.0
2)
(0.
01)
(0.
01)
(0
.0
1)
(0
.0
1)
(0.0
03)
(0.
01)
(0.001)
(0.0
04)
(0.
05)
(0.
01)
(0.
02)
(0
.2
1)
 
M
N
H
O
m
O
r
—
I
H
O
H
O
r
—
I
Q
'
O
I
-
I
C
D
O
O
N
{
\
N
H
O
O
O
r
—
I
O
O
O
O
O
O
O
O
O
O
O
O
N
5
0
10
(0.
35)
(0.
31)
(0.
26)
(0.01)
(0.0
02)
(0.
08)
(0.
15)
(0.
02)
(0.
01)
(0.006)
(0.
02)
V
(0.008)
(0.
02)
(0.001)
(0.008)
(0.
04)
(0
.0
02
)
(0.0
07)
(0.
41)
m
N
O
H
N
O
L
ﬁ
N
I
-
I
W
L
D
G
D
K
D
N
N
O
Q
“
)
.
v
—
I
 
1.
31
1.11
0.07
0.
02
0.33
0.
58
0.11
(109
0.
02
0.16
0.
12
0.35
0.
02
0.
10
0.78
0.05
0.73
12
.2
 
 
a.
The
num
ber
in
par
ent
hes
es
is
the
sta
nda
rd
err
or
of
the
mea
n.
b.
No
bu
rb
ot
We
re
co
ll
ec
te
d
at
Du
ck
Is
la
nd
,
Ha
rb
or
Be
ac
h,
an
d
Al
pe
na
.
c.
Nu
mb
er
of
in
di
vi
du
al
fi
sh
.
d.
Nu
mb
er
of
co
mp
os
it
es
an
al
yz
ed
.
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3.6-6
ME
AN
CO
NC
EN
TR
AT
IO
NS
OF
TR
AC
E
ME
TA
LS
AN
D
OR
GA
NI
C
CO
NT
AM
IN
AN
TS
(u
s/
G)
AN
D
FA
T
(%)
IN
BL
OA
TE
R
CH
UB
S
(H
HO
LE
FI
SH
)
FRO
M
THE
OPE
N
WAT
ERS
OF
LAK
E
HUR
ONa
’b
Com
pou
nd
Duc
k
Isl
and
Lon
ely
Isl
and
God
eri
ch
Alp
ena
Str
ait
s
of
Lak
e
ave
rag
e
or
ele
men
t
Mac
kin
ac
(un
wei
ght
ed)
1
9
8
N
53
42
50
14
29
n
10
10
10
10
10
Fat
21
-
(0.
88)
9
(0.
44)
20
(0.
66)
21
(1.
1)
22
(1.
1)
Tot
al
PCB
1.2
5
(0.
22)
0.8
9
(0.
10)
1.4
8
(0.
12)
2.6
1
(0.
21)
1.6
8
(0.
26)
1.5
8
Tot
al
DDT
1.4
6
(0.
06)
2.1
7
(0.
21)
2.7
5
(0.
53)
4.3
7
(0.
45)
3.5
2
(0.
51)
2.8
5
op'
DDT
0.1
6
(0.
02)
0.1
6
(0.
01)
0.3
3
(0.
07)
0.4
0
(0.
04)
0.3
4
(0.
04)
0.2
8
op'
DDE
0.0
6
(0.
007
)
0.0
3
(0.
004
)
0.2
8
(0.
04)
0.0
8
(0.
01)
0.0
7
(0.
01)
0.1
0
pp'
DDT
0.4
2
(0.
07)
0.7
6
(0.
06)
0.8
6
(0.
22)
1.6
0
(0.
18)
1.1
8
(0.
02)
0.9
6
pp'
DDE
0.7
0
(0.
07)
1.1
1
(0.
12)
1.0
2
(0.
17)
2.0
5
(0.
25)
1.6
9
(0.
26)
1.3
1
pp'
DDD
0.1
2
(0.
01)
0.1
1
(0.
02)
0.2
6
(0.
03)
0.2
4
(0.
02)
0.2
4
(0.
05)
0.1
9
Die
ldr
in
0.1
8
(0.
01)
0.0
8
(0.
008
)
0.3
8
(0.
04)
0.2
0
(0.
02)
0.2
9
(0.
04)
0.2
8
Lin
dan
e
0.0
3
(0.
003
)
0.0
4
(0.
01)
0.0
4
Chl
ord
ane
0.4
9
(0.
05)
,
0.3
0
(0.
04)
0.4
0
Met
hox
ych
lor
<0.
05
<0.
05
Mer
cur
y
0.0
5
(0.0
03)
0.1
7
(0.0
08)
0.0
8
(0.0
03)
0.1
0
(0.0
04)
0.1
1
(0.0
05)
0.1
0
Ars
eni
c
1.72
(0.0
7)
2.26
(0.1
3)
1.99
Cad
miu
m
0.0
2
(0.0
02)
0.0
4
(0.0
04)
0.0
3
Chr
omi
um
0.0
2
(0.0
02)
0.0
5
(0.0
05)
0.0
4
Cop
per
0.6
9
(0.0
3)
0.7
9
(0.0
3)
0.7
4
Lea
d
0.0
6
(0.0
03)
0.1
0
(0.0
1)
0.0
8
Sel
eni
um
0.6
3
(0.0
2)
0.5
6
(0.0
2)
0.6
0
Zinc
17.0
(0.7
4)
15.6
(0.7
4)
16.3
   
 
   
 
a.
The
numb
er
in p
aren
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es i
s th
e st
anda
rd e
rror
of t
he m
ean.
b.
No bl
oater
chubs
were
colle
cted
at Ha
rbor
Beach
.
c.
Num
ber
of
ind
ivi
dua
l f
ish
.
d.
Num
ber
of
com
pos
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s a
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yze
d.
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AN
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(u
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G)
AN
D
FA
T
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)
IN
SL
IM
Y
SC
UL
PI
NS
(W
HO
LE
FI
SH
)
FR
OM
TH
E
OP
EN
WA
TE
RS
OF
LA
KE
HU
RO
Na
’b
Co
mp
ou
nd
Du
ck
Is
la
nd
Lo
ne
ly
Is
la
nd
Ha
rb
or
Be
ac
h
Al
pe
na
St
ra
it
s
of
La
ke
av
er
ag
e
or
el
em
en
t
Ma
ck
in
ac
(u
nw
ei
gh
te
d)
1
9
9
N:
51
47
50
44
72
n
10
10
10
10
10
Fa
t
(0
.4
5)
(0
.3
6)
(0
.3
3)
(0
.6
2)
To
ta
l
PC
B
(0
.0
4)
(0
.2
1)
(0
.0
4)
(0
.0
7)
To
ta
l
DD
T
(0
.0
3)
(0
.0
5)
(0
.0
3)
(0
.1
0)
op
'
DD
T
(0
.0
09
)
(0
.0
05
)
(0
.0
05
)
(0
.0
1)
op
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 TABLE 3.6-8
CONTAMINANTS
MEASURED
IN
FISH
FROM
NEARSHORE
LAKE HURON WATERSa
Heptachlor—heptachlor epoxide
Dieldrin
Aldrin
Lindane
Endrin
DDT
DDD
DDE
Chlordane
Methoxychlor
Polychlorinated biphenyl (PCB)
Polybrominated biphenyl
Hexachlorobutadiene
Hexachlorobenzene
Dibutylphthalate
Diethylhexylphthalate
Copper
Nickel
Lead
Zinc
Cadmium
Manganese
Arsenic
Chromium
Selenium
Mercury
Gross a
Gross 8
Individual fish
Composite
Fillets
Ontario
»
x
»
»
»
»
ﬁ
-
X
-
X
-
X
-
>
z
-
>
:
-
Michigan
7':
7‘:
7%
#
-
  
a. information from Reference 96,
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 TABLE 3.6-9
ORGANIC COMPOUNDS (NONIONIC) DETECTED (+) AND NOT DETECTED (-)
BY COMBINED GAS CHROMATOGRAPHY - MASS SPECTROMETRY IN NHOLE-
FISH SAMPLES OF BURBOT FROM OPEN WATERS OF LAKE HURON
     
COMPOUND
ESTIMATED
STRAITS OF
GODERICH
CONCENTRATION MACKINAC
RANGE DETECTED
(Hg/g)
Biphenyl
0.0l—O.l
—
+
Naphthalene and methyl naphthalenes O Ol_0 5 + +
Phenanthrene and methyl phenanthrenes
'
'
+
+
Diethyl phthalate + +
Dibutyl phthalate
0.0l-O.l
+
+
Di—Z-ethyl hexylphthalate + +
Trichlorobenzene
+
+
Tetrachlorobenzene — +
Pentachlorobenzene O'OITO'S — +
.Hexachlorobenzene + +
Chlorobiphenyl (tri— through octachloro PCB's) + j
Octachlorostyrene
0.001—0.0l
—
+
l,2,3,4,5,6-Hexachlorocyclohexane
(alpha isomer) <0.l - -
(gamma isomer)
<0.l
—
-
Heptachlor epoxide
0.1—1.0
+
-
Chlordane (cis— and trans—) 0.1-1.0 + +
Nonachlor (cis— and trans—) 0.1—1.0 + +
Oxychlordane
0.01-0.l
+1
-
Dieldrin
<O.l
—
-
pp' DDT 1—10 + +
op' DDE 0.1—1.0 + —
pp' DDE 1—10 + +
pp' DDD 0.1-1.0 + +
pp' DDMu
<0.0l
—
-
Toxaphene components (C10H8Cl7,e,trans—) 0.1—1.0 + —
Methylbenzothiophene 0.01—0 l - +
  
 TABLE 3.6—10
ADDITIONAL DATA ON ORGANIC CONTAMINANTS IN
LAKE HURON BASIN FISH TISSUE
  
Dat
e a
nd
Con
tam
ina
nt
Ide
nti
fie
d o
r
Loc
ati
on
Spe
cie
s
Sou
ght
and
Con
cen
tra
tio
n
Sou
rce
1973 — Hammond Bay Chinook TFM (none deceCted) 106
Salmon
1977
— Sa
gina
w Ri
ver
?
Dich
loro
benz
ene,
tric
hlor
oben
zene
108
tetrachlorobenzene, pentachlorobenzene,
hexachlorobenzene, heptrachlorostyrene,
octachlorostyrene, pentachloroanisole,
pentachlorophenol, cis—chlordane,
trans—chlordane, trans-nonachlor,
cis—nonachlor, DDT, DDE
1976 - Georgian Bay Rainbow Mirex (not detected) 107
Nottawasaga Trout
River
1976
- Sau
geen
River
Rain
bow
PCB
— 1.5
0 pp
m
107
Trout (0.25—4.10 ppm)
1976
— Sau
geen
River
Chin
ook
PCB
— 2.
8 pp
m .
107
Salmon (0.6—4.8 ppm)
1978
— Sa
gina
w an
d
?
PCB
— 2.
1 pp
m
162
Tittabawasse PBB — 2.8 ppm
Rivers TCDD — 0.01—.02 ppb
TABLE 3.6—11
PBB IN PINE RIVER FISH, 1974 AND 1976
a
PBB concn. mg/kg
Alma St. Louis Bagley Magrudde Prairie b
Year Species Reservoir Reservoir(o) Road(6) Road(12) Road(29)
(Above Mich.
Chemical Corp.)
1974 Carp ND ND 0.87 0.19 0.26 I
1.33 1.26 0.09
0.85
White Sucker ND 0.67
Northern Pike ND 0.54
Bullhead ND 0.45 0.78
1976 Carp ND 0.75 0.40 0.22 0.06
0.68 0.10
Northern pike ND 0.18 0.23
Largemouth bass ND 0.74 0.19 ND
Smallmouth bass 0.13
Rockbass 0.70 0.50 0.32
(a) Wet weight, skinless fillets, composite samples.
(b) Distance below Michigan Chemical Corporation (miles)
(c) None detected
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METAL RESIDUES FOUND
IN OTHER MINNOWS COL
LECTED 1977 (Hg/g)
(M
EA
NS
AN
D 95% CONFIDENCE L
I
M
I
T
S
)
SITE
LOCAT
ION
Fish
Spe
cie
s
Sample
NO.
Length
T.L.
(mm
Lipid
“9
Zn
Pb A
S
GEORG
IAN B
AY
Nottawasaga River
LAKE HURON
Sauge
en Ri
ver
Saugeen River
LAKE ONTARIO
Humber River
Salmon River
emerald
shiners
emerald
shiners
common
shiners
emerald
shiners
golden
shiners
10
10
10
10
1
0
83:3
5412
58:2
70i2
1011
4.
02
0.048
t0.00
4
0.08
4i0.
03
0.094i0.008
0.066:0.003
0.023t0.003
l.3510.4
-*
39:8
_
*
_
*
0.18:0.06
*not an
alyzed
for
 T
a
b
l
e
3
.
6
-
1
3
OR
GA
NO
CH
LO
RI
NE
CO
NT
AM
IN
AN
T
RES
IDU
ES
FO
UN
D
IN
OT
HE
R
MI
NN
OW
S
COL
LEC
TED
,
197
7
(ﬁg
/g)
(ME
ANS
AN
D
95%
CO
NF
ID
EN
CE
LIM
ITS
)
L
SIT
E L
OCA
TIO
N
GEO
RGI
AN
BAY
No
tt
aw
as
ag
a
R.
LAKE
HURON
2
0
4
Saug
een
R.
Sa
uge
en
R.
LAKE
ONTAR
IQ
Hu
mb
er
Ri
ve
r
Salmo
n Riv
er
Fish
Spe
cie
s
eme
ral
d
Shiner
emerald
Shi
ner
com
mon
Shi
ner
em
er
al
d
Shi
ner
go
ld
en
Shi
ner
Sample
No.
10
10
10
1
0
10
Len
gth
T.
L.
(mm
54
:2
58
:2
70
:2
Li
pi
d
10:1
PCB
241:72
188:23
182:39
109
0:7
9
144
:61
ZDDT
160
:9
100
:18
60
:1
9
289
:26
45
:9
Mirex
ND
ND
ND
1
3
:
1
N
D
Li
n—
HCB
XBHC
dano
ND
ND
ND
ND
ND
14:
2
50:
11
6:2
N
D
N
D
ND
N
D
ND
Hepta-
S
R
H
C
C
h
l
o
r
N
D
N
D
ND
llepta-
chl
or
Epo
x-
ide
N
D
A
l
d
r
i
n
N
D
ND
N
D
ND
ND
Die
l-
dr
in
N
D
17
:1
ND
End—
rin
ND
N
D
Ch
lo
rd
an
e
X
Y
4
1
:
6
ND non det
ectable
 3.7 DATA ON WILDLIFE
Ta
bl
e
3.
7—
1
il
lu
st
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te
s
th
e
co
nc
en
tr
at
io
ns
of
PB
B
fo
un
d
in
du
ck
s
fr
om
th
e
Pi
ne
Ri
ve
r.
Ta
bl
e
3.
7—
2
sh
ow
s
th
e
co
nt
am
in
an
t
le
ve
ls
fo
un
d
in
La
ke
Hu
ro
n
he
rr
in
g
gu
ll
eg
gs
(74
).
In
197
7,
in
ve
st
ig
at
or
s
fo
un
d
th
at
PC
B
re
si
du
es
in
cr
ea
se
d
fr
om
19
75
le
ve
ls
an
d
th
er
e
ha
ve
no
t
be
en
an
y
si
gn
if
ic
an
t
ch
an
ge
s
in
th
e
le
ve
ls
of
ot
he
r
co
nt
am
in
an
ts
.
TABLE 3.7—l
PBB
IN
DUC
KS
COL
LEC
TED
FRO
M T
HE
PIN
E R
IVE
R W
ITH
IN
2 M
ILE
S
DOWNSTREAM FROM ST. LOUIS
  
PPB in Breast Tissue
Number (whole weight), mg/kg
in
Spe
cie
s
Yea
r
Sam
ple
Wit
h S
kin
Ski
nle
ss
Mal
lar
d
197
4
3
—
0.2
5
197
6
3
2.0
0
0.2
4
1977 — - —
Wood
Duck
1974
3
—
0.29
197
6
4
2.7
0
0.1
7
197
7
4
0.2
3
0.0
8
Tea
l
197
4
3
—
1.8
197
6
—
—
-
1977 1 ND ND
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 (‘
0
0
6
DA
TE
1975
1977
1975
1977
1975—5
SAMPLING
SITE
Double Island-
Double Island
Chanty Island
Chanty Island
Lake Huron
N0.
SAMPLES SPECIES
10
1
0
1
0
1
0
4
0
Herring
gulls
He
rr
in
g
gulls
He
rr
in
g
gulls
TABLE 3.7-2
ANALY
SES F
OR OR
GANIC
CONTA
MINAN
TS IN
LAKE
HURON
WILDL
IFE
(mg/kg f
resh wei
ght)
PORTION
ANALYZED
MIREX
eggs
.55:.6
7
"
553
557
eggs .48:.56
"
.34
3 22
eggs
0.56
DD
E
16i9
DDD
DDT
.05:.03
19i15 .2
6:.12 .0
9:.02
12
:4
13:5
13.8
.02:.03
.23
:.0
8
0.10
.04:.03
.09:.05
0.08
.06—6.92 5.4
—41.9 TR—.38
.01—.32
HEP
TA—
CHL
OR
EPOXIDE
DIEL—
DRIN
.09:.05
.o7:.03
.633 —
0.41
.13
~.87
0.
12
.04—.26
BHC
HCB
— .3304
.05302 .21305
— .09:.03
.04:.0
3 .17:
.08
0.
14
.05
—.A
2
O
X
Y
—
CHLOR—
DANE
PCBs
ARO
CLO
R
PCBs 1260
—
35:
11
— 66:42
—
30:13
—
53:14
51.5
15.4—118
 
PHOTO
MIREX
.22:.2o
.14:.08
SOURCE
74
x
?
r
\
7
4
73
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As in the case of Lake Huron waterquality data, extensive data on Lake
Superior was compiled by the Upper Lakes Reference Group (ULRG) and
subsequently reported to the International Joint Commission in July 1977
(109). Most of the data reported in this chapter was obtained from the
ULRG report, as well as data submitted by various government agencies,
and recent reports of several research investigators.
4.1 DATA ON WATER QUALITY
Heavy Metals
Since 1970, several lake—wide chemical monitoring cruises on Lake
Superior have occurred, resulting in assessments of concentrations
of major ions, nutrients, trace metals and organic contaminants.
The concentrations of heavy metals determined during these cruises
and during several nearshore studies are shown in Table 4.1—1. In
1970—71, Chan and Saitoh (4) determined the distributions of total
mercury in the surface and bottom waters of Lake Superior, which are
shown in Figures 4.1—1 and 4.1-2. The results of four separate
cruises from 1970—76, are shown in Table 4.1—2 (109). Histograms of
trace metal concentrations determined in the open waters during 1973
are noted in Figure 4.1-3. Analyses for trace metals in waters of
Lake Superior nearshore areas are shown in Tables 4.1-1 and 4.1-3
(98, 109, 110).
The waters of 16 tributaries to Lake Superior were studied during
1971—72 by Wagner and Lemire (111). The result of their analyses for
filterable metals in waters are shown in Table 4.1—4. Total loadings
of metals to Lake Superior via tributaries, as calculated by the ULRG,
are given in Table 4.1-5. Additional tributary data was obtained
from STORET data system (110).
The Upper Lakes Reference Group, on the basis of its data on metal
levels in Lake Superior waters, reported that "cadmium, chromium and
cobalt are rarely present above the detection limit of 0.2 ug/L."
Other elements such as copper, nickel, zinc and lead are uniformly
low. With regard to copper, "in the nearshore areas, elevated mean
concentrations of copper were found in unfiltered water samples from
the Upper or Lower Portage Entries (7.0 and 4.2 ug/L respectively)."
Elevated copper concentrations at those locations as well as within
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R
pp
b
(U
g/
2)
(a
)
No.
Info
rmat
ion
Date
Stat
ions
Samp
les
As
Cd
Cr
Co
Cu
Pb
Hg
Mo
Ni
Se
Ag
V
Zn
Sour
ce
1970
—71
Lake
wide
226
.lSt
.l3
(See
Figu
res
(0__
47)
4
4.1
—1
and
4.1
—2)
1970
—76
Lake
wide
24
J
7
/
7
7
7
/
109
(See Table4.l-2)
1974
Blac
k Ri
ver
3*:3
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9flb
98
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Onto
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n
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'
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Carp
Rive
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r19 ug/I
 
Q
 
F|G~ 41" The average distribution of total mercury in the surface waters of Lake Superior (1970-
1971). Dots represent sampling stations.
H9 319/1
“G: 4-1-2 The average distribution of total mercury in the bottom waters of Lake Superior (1970-
1971). Dots represent sampling stations.
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 TABLE 4.1-2
MEAN CONCENTRATIONS OF HEAVY METALS IN LAKE SUPERIOR, BY CRUISEa
           
Cd Cr CO Cu Fe Pb Mn Hg Ni Zn
1970
Apr. 15—23 - n 0.55 2.11 5.81 1.54 0.33 4.5
Oct.26—Nov.10 — — 1.8 4 8 1.8 — —
1971
May 25—June 2 0.37 .23 - 6.95 3.02 1.29 0.35 1.26 14.4
June 30—July 7 0.40 — — 2.00 l 69 1.42 0.28 1.00 4.
Oct. 5-13 — .27 — 6.52 1.69 1.19 0.40 — 8.0
1973
May 12—22 — - - 3.17 3.14 - 0.43 0.10 1.01 8.5
June 16—27 0.30 — — 2.59 2.64 1.00 0.41 0.05 3.83 16.2
July 27-Aug.7 - — — 1.93 1.66 — 0.32 0.09 1.13 20.7
Sept. 6—16 - — - 0.72 2.17 - 0.33 0.07 — 8.0
Oct. 14-25 — - - 1.24 1.14 - - 0.06 - 11.3
Nov. 14-28 - .25 - 4.95 1.16 1.75 0.34 0.05 2.42 25.8
1976
June 7—19 0.95 l 23 1.00 1.00 3.3
a.
Spa
ces
lef
t b
lan
k i
ndi
cat
e n
o a
nal
yse
s w
ere
don
e.
below detection limit.
for Hg.
Concentrations in ug/Z.
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The dash (—) indicates
All samples filtered except
 
    
    
  
  
l l
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0
05
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7
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S
O
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B
d
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2
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Ni
Z
n
F
e
 
  
1
31'
.1
I
I
V
l
l
"
Iii-
IV1
0
A1
2
3
4
5
e
7
a
9
m
n
CON
CEN
TRA
TIO
N (
pg/2
)
 
‘
‘
F
I
G
U
R
E
4
.
1
—
3
_
1
To
19
37
46
55
HI
ST
OG
RA
MS
OF
TR
AC
E
ME
TA
L
C
O
N
C
E
N
T
R
A
T
I
O
N
S
‘
IN
TH
E
OP
EN
WA
TE
RS
OF
LA
KE
S
U
P
E
R
I
O
R
1
1
9
7
3
.
CO
NC
EN
TR
AT
IO
N
(pg
/,9
)
Th
e
ca
re
t
de
no
te
s
th
e
an
al
yt
ic
al
de
te
ct
io
n
li
mi
t.
    
 TABLE 4.1—3
HEAVY METALS IN LAKE SUPERIOR WATERS
  
I
t
   
 
         
SAMP
LE
CONC
ENTR
ATIO
N I
N 11
3/1d
mu
ms
ms“
nb’c
As
Cd
Cr
Cu
Fe
11g"-
Hn
Ni
Pb
Zn
.
BLAC
K RI
VER
UF
' l
0 9
0.09
0.5
1 7
1‘)
<0.0
2
0.6
<0.8
0.5
<2.3
F
1
o 9
f
<0.4
O 8
0.8
0 3
<0.8
<0.2
f
ONTO
NAGO
N
UF
1
0.9
0.15
0.4
1 5
30
<0.0
2
0.6
<0.8
0.4
<1.6
F
1
0 6
f
<0.
3
1 0
2.0
5
<0.
8
<0.
2
f
U. P
ORTA
GE E
NTRY
UP
1
0.8
0.04
<0.3
1.3
43
<0.0
2
0.6
<0.9
0.2
<1.7
I"
1
0.7
<0.0
3
<0.3
0.9
0.6
0.3
<0.8
<0.2
f
L. P
ORTA
GB E
NTRY
UF
1
0.8
0.11
0 3
1.9
8.9
<0.0
2
0.6
<0.8
0.3
4.4
F
l
0.7
0.11
<0 0
3
0.8
<1.4
f
<0 8
<0.2
f
EAGL
E HA
RBOR
UF
2
-
0.3
0.2
<2.0
0.8
0.11
<0.3
1.2
46
<0.0
2
0.8
<0.8
<0.2
<1.5
1? 2 0.8
0.7
0.0
4
<0.
3
0.7
<0.
5
0.2
<0.
8
<0.
2
1.3
BIG
BAY
UP
2
<2.7
0.9
0.1
6
1.0
2.0
10.0
<0.
02
0.5
<0.
8
0.4
2.6
1? 2 1.6 0.2
1.1
0.0
9
0.3
1.2
<0.
5
<0.1
<0.
8
<0.
2
f
HABQ
UBTT
B HA
RBOR
U!"
2
0.08
0.4
(2.5
0.9
<0.0
4
0.4
1.1
20.
1
<0.
02
1.4
<0.
8
<0.
2
<1.
8
F 2 0.11 <1.1 6.6 <0.2
1.2
<0.0
3
<0.3
<1.0
<0.5
0.1
<0.8
<0.2
f
CARP
RIVER
UF
1
0.7
0.06
<0.3
1.3
6.0
<0.02
0.6
<0.8
0.4
(1.0
F
1
0.7
f
<0.3
f
l 2
0.5
<0.8
<0.2
f
PRESQ
UE I
SLE
UP
1
0.7
0.05
<0.3
0.9
7.0
<0.02
0.3
<0.8
<0.3
<1.1
F
1
0.6
f
f
0 5
<0.5
f
<0.8
<0.2
f
HUNISI
NG
111’
l
0.8
0.06
0.5
1.7
8.6
<0.02
0.7
<0.8
0.4
<2.1
F
1
0.7
<0.03
<0.4
0.6
1 7
f
<0.8
<0.2
<1.0
GRAND
HARAI
S
UF
2
0.4
5.1
0.8(8
) 0
.27(8
) <
0.3(8
)
1.9(8
)
5.2(8
) <
0.03
0.4(8
) <
0.8(9
) <0
.6(8)
<2.7(
8)
F
2
<0.4
<1.6
<1.7
0.4
<4.0
0.7(3
) 0
.17(3
) <
1.0(3
)
<1.0(
3)
<0.7(
3)
<0.05
(3)
<0.8(
3) <
0.2(3
)' (
3.0(3
)
HHI‘I’E
FISB
POINT
UF
1
0.8(5)
0.013(5
) 0
.4(5)
1.8(5)
10.3(5
) <0
.04
0.5(5)
<0.9(5
) 0
.4(5)
2.4(5)
F
- 1
0.7(2
) 0
.031(2
) <0
.3(2)
<1.6(
2)
1.5(2
)
f
<0.8(
2)
<0.2(
2)
0.7(2
)
CASCA
DE RI
VER
UF+F
20
7.7
0.05
4.6
0.22
2.0
5.5
0.4
<1.0 <0.01 <0.3 1.5 12.9 <0.10 0.08 <1.0 <0.1 3.5
GOOSE
BERRY
RIVER
UF+F
22
3.9
(0.05
3.5
0.17
3.5
<0.2
<1.0 <0.01 <0.2 1.7 91 <0.10 4.0 <1.0(21) <0.1 6.6
DULUT
H
UF+F
24
3.1
0.22
4.0
0.15
6.3
4.5
<1.0(23) <0.01 <0.3 1.5(23) 127 <0.10 4.6(23) <1.0 <0.1 10.1
MINNE
SOTA
POINT
OF
2
f
2
10
15
420
0.3
f
10
10
280
MIDD
LE R
IVER
UF
2
f
2
30
10
500
0.3
f
10
10
20
ASHL
AIID
UF
2
f
2
10
6
240
0.3
f
10
10
10
SAXO
N HA
RBOR
UP
2
f
2
20
7
120
0.3
f
10
10
10
a.
UP:
unfi
lter
ed;
F: f
ilte
red
(0.1
pm m
embr
ane)
; U
F+F=
mean
incl
udes
both
samp
le t
ypes
.
b.
For
Mich
igan
data
, ea
ch U
F sa
mple
(n)
repr
esen
ts a
comp
osit
e of
thre
e in
divi
dual
samp
les.
c.
If the
number
of sam
ple is
differ
ent fr
om n
shown,
the to
tal nu
mber
of ind
ividua
l sam
ples
is sho
wn in
bracke
ts af
ter th
e indi
vidual
result for the parameter.
d.
If t
wo v
alue
s a
re s
hown
, a
mean
coul
d no
t be
obta
ined
and
the
rang
e is
show
n.
e.
Mich
igan
Data
-mer
cury
anal
ysis
was
carr
ied
out
on a
sing
le u
nfil
tere
d sa
mple
for
each
loca
tion
.
f. Data not available.
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1971—72(b)st
2
1
4
1973—77
197
3—7
7
1974—76
1973—77
Station
RIVER
. Louis
Lester
Knife
Stewart
Split Rock
Beaver
Baptism
Manitou
Caribou
Cross
Temperance
Cascade
Devil's Track
Brule
Reservation
Pig
eon
Mineral R.
Carp L
ake Tw
p
Ontonagon R.
Ontonagon Twp
Onton
agon
R
Rockland Twp
Presque Isle R
Wakefield Twp
No.
Samples
13
l
3
1
3
1
3
13
13
1
3
13
1
2
l3
13
13
13
13
1
2
1
0
a)
b)
HEAVY METALS IN WATERS OF TRIBUTARIES T0 LAKE SUPERIOR (Hg/L)
As
Cd
0.5
(<O.2—1.8)
0.2
(<0.2-0.4)
0.
3
(<0.2—0.8)
0.2
(<0.2—0.4)
0.
2
(<0.
2—0.
5)
0.
2
(<O.2—0,3)
0.2
(<0.2—0.3)
0.2
(<0.2'0.5)
<0
.2
0.
2
(<0.2—0.4)
0.2
(<0.2—0.5)
(<0.2—0.5)
0
.
2
(<0.2-0.5)
0.3
(<0.2—0.6)
(b)
(b)
<1—7 0.4—10
0.5—
1(b)
0.4—
2
<1 0.4
0.3—0.4(
b)<o.1—2
"diss
olved
"
Cr Co
"total"
unless o
therwise
specifie
d
TAB
LE
4.1
—4
Cu Pb
2.1
2
(1.3—3.1)(4—5)
3.3 2
(2.4-6.4)(4—5)
2.4 1
(2.1—6.1)(<l-4)
2.4
2
(1.7—4.2)(4—3)
2.0 2
(0.9—3.6)(4—3)
2.0 l
(0.9—3.2)(<l—3)
1.4 2
(<0.5—2.3)(<1—5)
1.0 l
(<0.5—1.4)(<l—5)
1.2
l
(<0.5—2.3)(<l—2)
1.1
1
(0.7—1.8)(“1—3)
1.4 1
(<0.5—2.4)(<1—4)
1.3
1
(<0.572.2)(<1—4)
1.3
1
(<0.5—1.9)(<1—2)
1.3 1
(<0.S—2.0)(<1—4)
2.8 1
(<O
.5—
4.4
(<1
—2)
1.5 2
(1.5—7.8
) (<1—8)
(b)
16-76 8—300
(
b
)
3—6 l—ZOO
(b)
<l—4
2—3
(b)
(b)
Hg Mo
<0
.2
<0
.2
(
a
)
5
(4—8)
(4—6)
3
(4—5)
3
(4-5)
3
(4—5)
3
(4—7)
A
(<1-
ll)
5
(<1—10)
4
(<1—8)
4
(<l—10)
4
(<l—lO)
3
(<1-7)
3
(1-8)
3
(<l—8)
3
(<1—6)
3
(<1—6)
(
b
)
lO—Sl
<1—2
(b) (b)
6—17
<1—2
(b)
8—12
<2
(
b
)
10—82 <l—4
6
(3—
12)
3
(3'
8)
3
(1—9)
2
(1—5)
2
(1-4)
4
(4-9)
[4
(1—13)
3
(<0.5—7)
3
(<0.
S—6)
3
(N
0.
5—
7)
2
(<0.
5—5)
3
(*0.
5—8)
4
(0.5
—7)
3
(\0.
5-6)
3
(0.5
—7)
5
(1—19)
<1—3(b)
<1-2(b)
8—55(b)
<1—
l.4
<1—5
.8(b
)
110
110
110
TABLE 4.1-5
TRIBUTARY INPUTS To LAKE SUPERIOR
.hnx 1973-.kNE 1975
   
M e a n L o a d i n g (kg/d)
Sampled Unsampled
Parameter Basin Basin Total
Alkalinity as CaC03 1,910,000 1,110,000 3,020,000
Arsenic 1,120 170 1,290
Barium 5,200 1,850 7,050 \
BOD (5 Day @ 20°C) 281,000 59,600 340,000
Cadmium 793 169 962
Calcium 2,660,000 612,000 3,270,000
Carbon, Total Organic 1,960,000 523,000 2,490,000
Chemical Oxygen Demand 5,030,000 1,250,000 6,280,000
Chloride 518,000 63,200 581,000
Chromium 1,700 468 2,170
Copper 1,780 998 2,780
Cyanide 974 310 1,280
Fluoride 16,700 5,970 22,600
Iron 129,000 49,900 179,000
Lead 2,010 1,020 3,030
Magnesium 844,000 146,000 990,000
Manganese 4,760 1,860 6,620
Mercury 29.3 13.2 42.5
Nickel 1,182 501 1,680
Nitrogen, Total as N 79,500 20,600 100,000
Nitrogen, Organic as N
56,000
15,000
71,000
Nitrogen, Ammonia as N 8,130 2,100 10,200
Nitrogen, N03 + N02 as N 15,200 3,410 18,600
Oil — Grease 153,000 34,400 187,000
Pesticides 1.12 1.87 2.99
Phenols 539 186 725
Phosphorus, Total as P 5,780 1,990 7,760
Phosphorus, Reactive P04 as P 1,200 559 1,760
Phthalates 0.680 Not Sampled 0.680
Polychlorinated Biphenyl 3.16 1.61 4.77
Potassium} 185,000 50,200 236,000
Selenium 110 74.0 184
Silicate, Reactive as 8102 828,000 300,000 1,130,000
Sodium 428,000 109,000 537,000
Solids, Total 16,200,000 4,820,000 21,000,000
Solids, Dissolved 12,500,000 3,960,000 16,400,000
Solids, Particulate
3,060,000
1,110,000
4,170,000
Sulfate as S04 1,130,000 -296,000 1,430,000
Zinc 2,720 1,040 3,760
   
The totals shown above represent all available data.
were not sampled for all parameters, and some analytical techniques varied
among the four jurisdictions.
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However, some discharges
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1
6
TA
BL
E
4.
1-
6
ANALYSES FOR ORGANIC CONTAMINANTS IN THE WATERS OF LAKE SUPERIOR
    
No.
Date
Source
Detection
Quanti
ficati
on
Limit
ug/L,
l
Location
Sampling
Period
Samples
Organic Substances
Detected and QuantifiedCHg/L)
01/
76
1
110
Munising WTP(a)
1974-76
5
Diethylhexyl phthalate
Water Intake -
2
Lake Superior
(a)
1975—76 4 110
White Pine Mine WTP
Water Intake -
Lake Superior
No
ne
_
_
1
1
0
Mouth Montreal River(a)(ba973—75
6
o, p — DDT, 0.001
p, p - DDT, 0.025
08/74
Mouth Carp River(a)
6
(Marquette)
08/73
110
08/
73
08/73
08/
73
08/
73
08/
74
08/74
Aroclor 1254, 1.6
o, p - DDT, 0.07
p, p — DDT, 0.2
DBP, 12.0
DEHP, 3.0
o, p — DDT, 0.04
p, p — DDT, 0.045
,N
, (a)
Mouth Tahquamenon River 1973-75
6
o,
Whitefish Twp. p,
.003
110
0.
02
.001
.001
08/
74
08/
74
DDT,
DDT,
p—
p—
113
Various nearshore and
1971—75
Tributary stations
Aldrin, Dieldrin, DDT
Heptachlor, Lindane,
PCBs, Endrin, Chlordane,
and Methoxychlor
(See Tabl
e 4.1—8)
1972—73
115
Nearshore Waters
PCB, 0.0008
(See Table 4.1—9)
 
  
2
1
7
Loca
tion
Ne
ar
sh
or
e
an
d
Op
en
Wa
te
rs
17 s
ites
Du
lu
th
Ar
ea
Open
and N
earsh
ore
Waters
Ni
pi
go
n
Ba
y
Isl
e R
oya
le
Wa
sh
in
gt
on
Ha
rb
or
Ro
bi
ns
on
Ba
y
Sis
kiw
it
Lak
e
TABL
E 4
.1-6
CONT
'D
ANALY
SES
FOR O
RGANI
C CO
NTAMI
NANTS
IN TH
E WAT
ERS
OF LA
KE S
UPERI
OR
Samp
ling
No.
Samp
les
Period
1974
1974
1974-76
1974
1976
1976
1976
Organ
ic S
ubsta
nces(
ug/L)
Date
Det
ect
ed
and
Qua
nti
fie
d
Det
ect
ion
Tra
ces
of
Lin
dan
e
(~1
0%
of
qu
an
ti
fi
ca
ti
on
lim
it)
.
Oth
er
org
ano
—
ch
lo
ri
ne
s
an
d
or
ga
ne
—
pho
sph
oru
s
cpd
s
not
det
ect
ed
(Se
e
Tab
le
3.1
—7)
Lind
ane
— 0.
002
BHC —
0.005
PCB —
0.029
PC
B
(0
.0
05
—0
.0
2)
(See
Table
4.1—7)
Natura
l diss
olved
organi
cs
co
mp
on
en
ts
(S
ee
Ta
bl
e
4-
1-
10
)
PCB
(0.
05)
01/
76
PCB
(0.1
2)
01/
76
PCB
(0.1
6)
01/7
6
Quanti
ficati
on
Lim
it
ug/
L
0.005
 
Source
12
114
112
116
11
2
(a)
Sub
sta
nce
s s
oug
ht
and
qua
nti
fic
ati
on
lim
its
(pg/
2)
inc
lud
e:
Diel
drin
(0.0
01),
0, p
- DD
T (0
.001
), p
, p
— DD
T
(0.
001
),
DBP
(1.0
),
Tox
aph
ene
(1.0
),
Chl
ord
ane
(0.0
5),
2,
4—D
(0.0
5),
Sil
vex
(0.5
),
End
rin
(0.0
1),
Hep
tac
hlo
r
(0.0
05),
Lind
ane
(0.0
05),
Meth
oxyc
hlor
(0.0
5),
PCBs
(0.1
).
(b)
Det
ect
ion
lev
els
var
ied
con
sid
era
bly
.
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TA
BL
E
4.
1-
7
(R
ef
.
11
2)
PO
LY
CH
LO
RI
NA
TE
D
BI
PH
EN
YL
CO
MP
OU
ND
S
OB
SE
RV
ED
IN
WA
TE
R
AT
VA
RI
OU
S
LO
CA
TI
ON
S
IN
LA
KE
SU
PE
RI
OR
AN
D
IN
TH
E
VI
CI
NI
TY
OF
IS
LE
RO
YA
LE
PC
B
as
Ar
oc
lo
r
12
54
u
g
/
Q
De
pt
h
(m)
Lo
ca
ti
on
Da
te
1
Op
en
Wa
te
rs
,
50
—6
5
0.
00
5
We
st
er
n
La
ke
Su
pe
ri
or
De
ce
mb
er
19
76
,
Op
en
Wa
te
rs
,
La
ke
Su
pe
ri
or
10
No
ve
mb
er
19
74
0.
00
5
Ne
ar
sh
or
e
Wa
te
rs
La
ke
Su
pe
ri
or
0.
5
No
ve
mb
er
19
74
0.
00
7
at
Du
lu
th
Wa
te
r
In
ta
ke
0.
5
0.
01
0
Ne
ar
sh
or
e
Wa
te
rs
-W
es
te
rn
La
ke
Su
pe
ri
or
19
76
Du
lu
th
—S
up
er
io
r
Ha
rb
or
,
2
Ho
wa
rd
Ba
y
J
a
n
u
a
r
y
1—
8
Ja
nu
ar
y
19
76
0.
02
0
Wa
sh
in
gt
on
Ha
rb
or
,
Is
le
Ro
ya
le
0.
5
Ja
nu
ar
y
19
76
0.
05
0
Ro
bi
ns
on
Ba
y,
Is
le
Ro
ya
le
0.
5
Ja
nu
ar
y
19
76
0.
12
0
Si
sk
iw
it
La
ke
,
Is
le
Ro
ya
le
0.
5
Ja
nu
ar
y
19
76
0.
15
7
CO
MP
AR
AT
IV
E
DA
TA
,
VE
IT
H
E
El
.
19
77
Ne
ar
sh
or
e
Wa
te
rs
,
La
ke
Su
pe
ri
or
3,
at
ER
L—
D
La
bo
ra
to
ry
In
ta
ke
10
19
72
—7
3
0.
00
08
lM
ou
nt
,
D.
I.
19
76
.
Su
mm
ar
y
of
Wa
te
r
An
al
ys
es
Pe
rt
in
en
t
to
th
e
Ba
rr
el
s
in
La
ke
Su
pe
ri
or
;
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
La
bo
ra
to
ry
—D
ul
ut
h;
Pr
es
s
Re
le
as
e.
2
Sw
ai
n,
et
31
.
19
75
.
Qu
al
it
y
of
Ho
wa
rd
's
Ba
y
in
th
e
Du
lu
th
—S
up
er
io
r
Ha
rb
or
Arm
y
Cor
ps
of
Eng
ine
ers
.
Ev
al
ua
ti
on
of
th
e
Ef
fe
ct
s
of
a
Ha
rb
or
Bu
bb
le
r
Sy
st
em
fo
r
Wi
nt
er
Na
vi
ga
ti
on
on
th
e
Wa
te
r
—
Wi
nt
er
19
74
—7
5.
Fi
na
l
Re
po
rt
to
th
e
Un
it
ed
St
at
es
 
3V
ei
th
,
§t
_§
l,
19
77
.
Co
nt
am
in
at
io
n
an
d
To
xi
co
lo
gy
5;
Re
si
du
es
of
PC
Bs
an
d
DD
T
in
th
e
We
st
er
n
La
ke
Su
pe
ri
or
Ec
os
ys
te
m.
Ar
ch
iv
es
of
En
vi
ro
nm
en
ta
l
487—499.
  
b 
TABLE 4.1—8
 
(Ref. 113)
SUM
MAR
Y O
F S
TOR
ET
DAT
A -
ORG
ANO
CHL
ORI
NES
IN
NEA
RSH
ORE
AND
TRI
BUT
ARY
WAT
ER
SAM
PLE
S
Pl
ac
e
Me
an
Ma
xi
mu
m
Nu
mb
er
IJ
C
Wa
te
r
Or
ga
no
ch
lo
ri
ne
an
d‘
of
Qu
al
it
y
Ob
je
ct
iv
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Fourhorn sculpin
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(a) Veith, G,D,, D,W. Kuehl, F.A. Puglisi, G.E. Glass and J.G.Eaton.
TABLE 4.1-9
Sampling Location
Environmental Research
Laboratory—Duluth water
supply inlet
5 miles from Silver Bay,
Minn. (270 m depth)
North shore vicinity
Little Two Harbors, Illgen
City, Grand Marais
Illgen City, Grand Marais,
Grand Portage
Apostle Island Region
Little Two Harbors Region
Illgen City Region
Apostle Island Region
Little Two Harbors Region
Illgen City Region
Grand Marais
Apostle Island Region
Little Two Harbors Region
Illgen City Region
 
(a)
Concentrations
PCB ZDDT Dieldrin
(as Aroc%or 1254) b
PPm Ppm PPm
0.8i0.4 ng/L
7.0f0.5ppb
0.05—0.12 0.04—0.05 prb
0.18-0.34 0.006—0.12
0.12—0.45 0.2—0.64
1 0—1.7 0.2-0 6 0.03
0.9-1.0 0.08-0 8 <0.03
0 5—1 2 0.5—1 3 <0.03
0.3—5.6 0.1—12.8 <0.o3—0.05
o 3—1 5 0 2—1.5 <0.03
0 3—1 2 0 3—1 7 <0 03
1.9 0.8 —
0.4—0 5 0.2—0 3 <0.03
0.4—1 2 0.1—0 7 <0 03
0.2—0.5 0.2—0 5 <0.03
Archives of
Environmental Contamination and Toxicology 5, 487 (1977).
(b) Concentrations in ppm unless otherwise indicated.
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TABLE 4.1-10
(Ref. 116,117)
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TABLE 4,1—11
ANALYSES
FOR
ORGANIC
CONTAMINANTS
IN
TRIBUTARY
WATERS
T0 LAKE SUPERIOR
-
a
ORGANIC
SUBSTANCES
SOUGHT
AND
DETECTION
LIMITS
(b)(Ug/L)
Aldrin:
0.001—0.01
Dieldrin:
0.001—0.09
o,p—DDT:
0.001-0.02
p
,
p
—
D
D
T
:
0
.
0
0
5
—
0
.
0
2
Diethylhexyl
phthalate
(DEHP):
1.0
Chlordane:
Endrin:
Heptachlor:
Lindane:
PCBs:
Aroclor 1254:
0.01—0.32
0.005—0.13
0.001—0.01
0.001—0.01
0.02 —0.49
0.1
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 4.2 DATA ON SEDIMENT QUALITY
 
Heayy Metals
Data on heavy metal concentrations in Lake Superior sediments are
summarized in Table 4.2—1.
In 1971, Smith and Moore (118) evaluated the distribution of trace
metals in surficial sediments around Keweenaw Point which is the
location of considerable past mining activities, particularly in the
1860's. The distributions of zinc and copper in the area are shown in
Figures 4.2—1 and 4.2—2. In 1972, Fitchko and Hutchinson (32) evalu—
ated the sediment quality at the mouths of 24 tributaries to Lake
Superior. The results are shown in Table 4.2—2.
Subsequently, as part of the Upper Lakes Reference Group study,
Kinkead and Chatterjee (119) evaluated the distribution of heavy
metals in the surficial sediments within the Canadian nearshore zone
of Lake Superior. Some data from the study are shown in Figures 4.2-3
to 4.2—5. In 1977, the ULRG (109) summarized the results of many Lake
Superior sediment studies, and these are shown in Tables 4.2—3 and
4.2—4 and Figure 4.2—6. The results of the PLUARG studies (28)
indicated a (total lake) average of 49 ppm lead within the sediments
of Lake Superior (Table 4.2—5 and Figure 1.2—8 and 1.2—9).
Extensive discussions on the Lake Superior sedimentcharacteristics
are found within the ULRG report (109). In part, the Reference Group
has stated that "trace metals are generally low, exclusive of Thunder
Bay, though there is evidence that Hg and Pb, and possibly Cu, are
being elevated by man's activities. There is further evidence that
relatively high levels (when compared to Lake Huron) of Cu, Zn and Ni
occur in sediments of Lake Superior, due to regional mineralization
occuring in the bedrock of the area."
Organic Contaminants
The results of several studies to evaluate the levels of organic
contaminants in Lake Superior sediments are shown in Table 4.2—6.
Kinkead and Chatterjee (119) generally found low levels of DDE, DDD,
DDT, PCBs and diethyl hexyl phthalates. However, a concentration of
250 ug/kg PCBs was found in the vicinity of Marathon. The investiga—
tion could not detect lindane, heptachlor, aldrin, heptachlor epoxide,
thiodan, dieldrin or endrin. Glooschenko, Strachan and Sampson (12)
V indicated that most organochlorine compounds and all organophosphorus
compounds were below detection levels. However, two high levels of
PCBs were found — 1.3 ppm near Marathon, Ontario and 90 ppb at one
station located at the middle of the lake.
Table 4.2-7 summarizes the organic contaminants found in Lake Superior
sediments during the ULRG study. The Reference Group also noted that
samples from Munising Bay, Michigan had elevated levels of diethyl
hexyl phthalate (1400-4100 ug/kg) and from 1500 — 61,000 mg/kg of hexane
extractable oils and grease. Brownlee and Strachan (121) evaluated the
fate of pulp mill effluents, by determining concentrations of the
effluent components in water, seston and sediments. Significant
amounts of dehydroabietic acid were found 1 km from the source.
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TABLE 4.2-3
MEAN LEVELS OF TRACE METALS IN THE SEDIMENTs 0F SUPERIOR
(Hg in ug/kg, all others in mg/kg)
 
SECTOR No. of
Samples
Total Lake 404 83 44 82 97 95 26 163
(56) (27) (67) (48) (46) (22) (104)
Non-Depositional 53 26 49 63 72 19 124
Zone (30) (18) (40) (41) (47) (12) (95)
Total Basins 216 108 60 111 127 116 32 197 1.6 97 130 2.1
(61) 23 (73) (33) (34) (26) (101) (0.8) (30) (71) (2.6)
Duluth 27 136 62 90 127 123 26 195 1.7 93 139 2.6 1
(46) (20) (26) (35) (40) (7) (66) (0.5) (33) (24) (3.4) ‘
Chefswet 27 86 53 99 127 119 42 209 1.4 96 125 1.5 4
(23) (16) (28) (17) (15) (63) (36) (0.3) (27) (20) (1.8)
Apostle 13 112 56 177 143 122 34 218 1.7 107 153 1.7
(25) (15) (247) (16) (22) (4) (45) (0.2) (16) (19) (2.5)
Isle Royale 50 100 65 117 139 118 31 204 1.7 111 140 2.3
(35) (17) (32) (18) (18) (5) (125) (0.3) (17) (24) (2.7)
w Thunder Bay 17 134 68 112 146 124 31 266 1.9 102 138 4.0
.5 Trough (51) (16) (23) (17) (29) (4) (215) (0.4) (19) (20) (3.1)
U)
g Thunder Bay 5 326 48 68 141 128 31 143 2.2 128 175 3.7
g (204) (21) (27) (45) (37) (6) (44) (0.8) (24) (84) (6-0)
m
Caribou 49 94 59 114 121 118 32 190 1.6 94 120 1.2
(44) (29) (51) (36) (40) (9) (42) (1.4) (29) (38) (1.6)
Marathon 6 101 60 107 124 129 27 197 1.5 96 118 3.0
(55) (20) (39) (27) (32) (5) (127) (0.4) (22) (26) (2.4)
Keweenaw 4 120 72 193 132 126 27 198 1.5 131 286 0.7
I (27) (10) (55) (7) (23) (3) (18) (0.4) (28) (371) (0.9)
Whitefish 18 74 52 88 77 66 29 120 1.1 52 61 1.8
(35) (36) (58) (41) (40) (45) (74) (0.7) (26) (28) (2.1)
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 TABLE 4.2-4
1973
HEAVY METALS IN SURFICIAL SEDIMENTS OF LAKE SUPERIOR
            
PARAMETERSa’b
Sample Zinc Cadmium Lead Mercury Copper Chromium Nickel Iron
Location Size mg/kg rig/kg mEL/kg Jg/kg mg/kg mg/kg ‘ mg/kg /.
SEGMENT A 10 54.3:34.4 1.03:0.03 24.1:13.4 0.033:o.027 26.7:17.6 26.9:15.0 21.0:11.8 1.60:0.70
10.2-105 1.00-1.05 43.5—47.1 0.006—0.072 2.8—55.0 3.7—45.4 2.8-36.2 0.42-2.36
SEGMENT B 8 ‘“67.25.45 0204:0388 39.7:32.3 38.1:16.7 29.81113 1.77:0.84
27.0—150 <1.00-3.10 <8.0—62.2 0.026-l.l60 8.3—92.0 18.9-65.9 17.1—49.6 0.94—2.10
SEGMENT c 5 84.6:21.4 0.047:0.041 37.0i11.3 45.4:131 41316.4 2.97:0.22
53.9—109 <1.00 <8.0-30.0 0.001-0.089 23.3—54.3 30.8—65.4 34.6—51.0 2.73—3.30
PENINSULA HARBOUR 10 49.6:25.7 6.10:12.02 33.71121
23.6-98.6 <l.00—3.00 <7.3—25.6 0.01—38.50 19.8-63.0
JACKFISH BAY 6 76.6:3I.7 20.4:10.5 017910.268 53.2:16.1
4&6-92-6 <1.00 13.6-39.6 0.027—0.746 36.6-73.5
NIPIGON BAY 2 68.4144.7 008810.036 50.51114 51.1:17.3 45318.9 2.66:0.08
36.8—100 <1.00 <8.0—27.8 0.062—0. 113 41.0-60.0 38.9-63.3 39.6-52.2 2.60—2.72
BLACK BAY 3 62.91373 18.91110 0.034:0.015 36.3:23.8 38.1:18.5 33.21215 2.14:1.20
24.2—100 <1.00-1.65 7.3—3Z.9 0.020-0.050 10.2-56.8 16.8-50.2 8.8—49.4 0.81-3.13
PINE BAY
4
76.0:14.0 2.19:0.51
004610.040
29.2118.1
37.9:5.7
33.1:4.1 3.11:0.55
65.6—96.6
1.93—2.96 <5.0
0.015—0.104
16.3—55.2
31.5-43.1
28.6—37.5
2.51—3.83
SEGMENT F
3
15.1:123
0.97:0.27
6.4:4.8
0.025:0.022
4314.7
9.0181
8.2153)
7.6—30.0 0.83-1.3 3.6—12.0 0.012-0.05 1.8-9.9 4.3-18.5 4.8-15.0
CHEQUAMEGON BAY 1
62.0 6.0 32.0 0.16 24.0 26.0 20.0
SEGMENT G
2
30.0:0
1.0g)
10.0:0
0.002:0
8.9:0
23.0:0
15.0:0
BLACK RIVER l
8.8
<0.4
3.0
<0.1
2.4
0.4
4.0
0.20
ONTONAGON
6
13.0:6.2
10618.0
6.1:3.0
10.0i6.2
0.34:0.21
6.4 22.0
<O.4
<1.0—8.0
<O.1
5.4-26.0
3.2—11.0
5.0-20.0
0.26—0.62
u. PORTAGE ENTRY
3
19.0:10.1
3.6:0.5
154.011095
10518.3
20.31153
0.61:0.46
10.0-30.0
<O.4
3.0—4.0
(0.1
82.0—280.0
4.8—20.0
10.0-38.0
0.28—1.14
L. PORTAGE ENTRY
3
8.1:1.2
S.9j-_l.1
1.9105
2.0100
0.18:0.03
6.8-9.0
<0.4
<1.0—l.0
<O.1
4.6—6.6
1.8-2.4
2.0—2.0
0.14—0.20
EAGLE HARBOR 1
14.0
<0.4
<1.0
<0.1
34.0
1.4
13.0
0.38
BIC BAY 1
22.0
<0.4
<1.0
<0.1
4.0
2.6
3.0
0.44
PRESQUE ISLE
6
21.8i13.9
2010.8
5.9:6.4
$418.4
35.5:51.7
0.43:0.21
10.0—48.0
<0.4
1.0-3.0
<0.1
2.6-l9.0
3.8—26.0
6.0—140.0
0.30—0.84
‘
CARP RIVER
6
11.1:3.4
2.0101.
3.0103
o.25+o.o7
6.6—17.0 <0.4 <1.0-3.0 <0.l 1.6—3.0 2.0-4.0 <1.0—S.0 0.17:0.36
MUNISING
6
134:42.5
79.5:44.3
0.28:0.1'1
96.6:37.1
8.4154)
28.0189
1.20:0.30
87.0—190
<0.4
44.0-150
0.20-0.50
51.0—150.0
2.4-15.0
16.0-38.0
0.73—1.50
WHITEFISH POINT
2
16-513-5
4.03.4
6.8:4.5
5.03.4
o.33+0.13
14.0—19.0
<0.4
3.0—5.0
<O.1
3.6—10.0
<0.2-0.8
4.0-6.0
0.24-0.42
a. Key: MeaniStandard Deviation
Minimum Value-Maximum Value
1
1
‘
b.
If mean and standard deviation are not shown, more than 15% of the results were less than (<) values or sample size - l.
l
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 TABLE 4.2—5
LEAD IN GREAT LAKES SEDIMENTS - LAKE SUPERIOR
LAKE SUPERTOR N i SD LOADINGS
PPM PPM TONNES SE 6 TONNES PB
PER YR.xl PER YEAR
A11 Samples 401+ 44 27 — —
Non Depositional Zone 188 26 18 — —
Total Basin 216 60 23 - 1,420
Duluth 27 62 20 — —
Chefswet 27 53 16 — —
Apostle 13 56 15 — -
Isle Royale 50 65 17 — —
Thunder Bay Trough 17 68 16 — —
Thunder Bay 5 48 21 — —
Caribou; 49 59 29
Marathon 6 60 20 — —
Keweenaw 4 72 10
Whitefish 18 52 86 — —
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TABLE 4.2-6
ORGANIC CONTAMINANTS QUANTIFIED IN
LAKE SUPERIOR SEDIMENTS
SAMP
LE S
ITES
CONT
AMIN
ANTS
AND
QUAN
TITI
ES (
pg/k
g)
Sour
ce
 
Canadian side PCBs (N.D. to 250)(a)
28 sites DDE (N.D. to 7.1)
DDD (N.D. to 2.7)
DDT (N.D. to 2.7)
Diethylhexyl phthalate (O-l.5)
119
Open lake and 5 PCBs, DDE, DDD, DDT
nearshore areas (See Table 4.2—7)
Open lake and PCBs (Trace — 9O)(C)
nearshore areas Dieldrin (N.D. to 7)
(b) p,p-DDE (N.D. to 7)
p,p-TDE (N.D. to 5)
p,p—DDT (N.D. to 7)
o,p-DDT (N.D.)
DDT (N.D. to 12)
15 sites
Red Rock, Ontario 1.0 km from source
(Pulp and paper — palmitic acid — 100 ppm
eff
lue
nt
stu
dy)
— d
ehy
dro
abi
eti
c a
cid
— 1
50
ppm
3.0 km from source
— palmitic acid — 1 ppm
- dehydroabietic acid — 2 ppm
— dioctyl phthalate - 0.7 ppm
5 miles from Silver PCBs (7.0f0.5)
Bay, Minnesota (Table 4.1—9)
270 m depth
(a)
18 samples indicated no evidence of PCBs, 7 contained trace quantities,
and 3 were above the sensitivity limit of 10 ug/kg.
The 250 ug/kg
value
was found near Marathon, Ontario.
(b)See Table 3.1—7 for all compounds sought.
(c)
A single value of 1,300 was also found.
 
PCB’s AND PESTICIDES IN SEDIMENTS FROM LAKE SUPERIOR
TABLE 4.2-7
          
LOCATION CONCENTRATION IN N /kga
n PCB DDE DDD DDT
Segment A 10 Min. b b b b
Max. <10 4.2 2.7 1.3
Mean V1.3
Std.Dev. 1.5
Segment B 8 Min. b b b b
Max. 250 3.6 3.2 0.8
Mean
Std.Dev.
Segment C
5
Min.
b
0.2
0.4
0.5
Max. <10 1.0 0.5 1.0
Mean 0.5 0.5 0.8
Std.Dev. 0.3 0.1 0.2
Peninsula Harbour
10
Min.
10
C
c
c
Max. 6500
Mean 924
Std.Dev. 2000
Jackfish Bay
6
Min.
b
b
b
b
Max. 100
Mean
Std.Dev.
Nipigon Bay
2
Min.
b
0.9
0.7
1.0
Max. 3.4 2.3 1.1
Mean 2.2 1.5 1.1
Std.Dev. 1.8 1.1 0.1
Black Bay
3
Min.
b
1.0
b
b
Max. 11.0 4 3
Mean 6.3
Std.Dev. 5.0
Pine Bay
4
Min.
b
b
b
b
Max.
Mean
Std.Dev.
a.
If mean and standard deviation are not shown,
then less than
(<) values
were
found
for more
than
15% of
the
samples.
b. No detectable concentration
c. No data
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Data on Air Quality and Precipitation
Tab
le
4.3
—1‘
sho
ws
the
res
ult
s o
f s
tud
ies
to
eva
lua
te
org
ani
c c
on—
tam
ina
nt
lev
els
in
rai
n a
nd
sno
w i
n t
he
Lak
e S
upe
rio
r B
asi
n
(46
,11
2).
PCB
lev
els
in
sno
w s
amp
les
fro
m S
isk
iwi
t L
ake
in
Isl
e R
oya
le
wer
e f
oun
d t
o b
e n
ear
ly
fiv
e t
ime
s g
rea
ter
tha
n
pre
cip
ita
tio
n s
amp
les
fro
m t
he
Dul
uth
/Su
per
ior
met
rop
oli
tan
are
a
(112). Because precipitation to the Lake Superior surface
acc
oun
ts
for
59%
of
the
lak
e's
wat
er
sup
ply
, t
he
abo
ve
stu
die
s
may indicate the significance of atmospheric inputs as sources
of organic contaminants to Lake Superior.
Est
ima
tes
for
yea
rly
dep
osi
tio
n o
f h
eav
y m
eta
ls
to
Lak
e S
upe
rio
r
were made by Acres Consulting Services and Applied Earth
Science Consultants (101). Figures 4.3—1 and 4.3-2 show the
estimated loading contours for cadmium and lead. The
quantitative yearly atmospheric loading estimates to Lake
Superior, as calculated by the Upper Lakes Reference Group (109)
are
sho
wn
in
Tab
le
4.3
—2.
The
est
ima
ted
per
cen
t c
ont
rib
uti
ons
by v
ario
us a
ir p
ollu
tion
sour
ce r
egio
ns a
re g
iven
in T
able
4.3—
3.
As
in
the
cas
e o
f L
ake
Hur
on,
the
ULR
G c
oul
d n
ot
cal
cul
ate
the
atm
osp
her
ic
inp
ut
rel
ati
ve
to
oth
er
sou
rce
s f
or
tox
ica
nts
suc
h
as mercury, DDT and PCB's, because "most of the input sources
sam
ple
d w
ere
bel
ow
the
det
ect
ion
lim
it
for
the
se
mat
eri
als
."
Non
eth
ele
ss,
the
Ref
ere
nce
Gro
up
not
ed
tha
t "
the
pre
sen
t f
ind
ing
s
ind
ica
te
sig
nif
ica
nt
loa
din
gs
of
man
y p
ara
met
ers
due
to
lon
g
ran
ge
tra
nsp
ort
."
For
exa
mpl
e,
atm
osp
her
ic
loa
din
gs
of
lea
d a
nd
copper were estimated to be 30—40% of the total input.
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TABLE
4.3-1
ANALYSES
OF
THE
ATMOSPHERE
AND
PRECIPITATION
IN THE LAKE SUPERIOR BASIN
 
MEDIA
AND
NUMBER
LOCATION
CONTAMINANTS
IDENTIFIED
SAMPLES
DATE
AND
CONCENTRATIONS
SOURCE
Rain
(14)
Lake
Superior
Total
PCB
—26
ppt
46
1976—77
Lindane
—
4.9ppt
0L BHC - 4.6ppt
Z DDT—Residues — 0.8ppt
a Endosulfan — 0.2ppt
B Endosulfan — 1.0ppt
Dieldrin — 0.5ppt
Methoxychlor — 1.6ppt
HCB — 2.8ppt
Snow
(4)
Duluth-Superior
PCBs
—
50ppt
112
Isle
Royale
PCBs
—
230ppt
1974—76
Rain,
snow
Lakes
Huron
Cd,
Pb,
Ni,
101,109
and Superior Cu
 
1974
 
(See Table 4.3—2
and Figures 4.3-1
and 4.3—2)
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TABLE 4.3—2
ATMOSPHERIC LDADINGS T0 LAKE SUPERIOR
(Ref. 109)
 
Loadings, 1n Tonnes Per Yeara
  
Parameter
East
West
Total
Nitrogen
(N0
+
NH3
as
N)
38,000
18,000
56,000
Total
Phosphorus
344
456
800
Total
Dissolved
Solidsb
68,000
52,000
120,000
Chloride
36,000
19,000
55,000
Reactive
Silicate
(as
8102)
15,000
11,000
26,000
Calcium
15,000
18,000
33,000
Sodium
5,000
10,000
15,000
Magnesium
3,800
1,800
5,600
Potassium
5,000
8,000
13,000
Iron
7,600
2,100
9,700
-
Lead
360
290
650
Copper
230
140
370
Nickel
67
53
120
Cadmium
43
12
55
Particulate
Solids
25,000
16,000
41,000
   
a.
All
parameters
were
determined
from
actual
measurements
except
for
particulate
solids
values
which
were
calculated
from mathematical model
results.
b.
Calculated
from
conductivity
measurements
by
multiplying
by
0.65.
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TABLE 4.3—3
PERCENT OF LOADINGS TO LAKE SUPERIOR BY AIR POLLUTION SOURCE REGIONa
 
Percent of Total Atmospheric Loading
 
Air Pollution Source Regionb
Sulphate
Phosphorus
Trace MetalsC
Saginaw
Detroit
Port Huron
Lower Michigan
Northern Michigan
St. Louis
Chicago
Central Illinois
Green Bay
Milwaukee
Wisconsin
Duluth
Minneapolis
Toledo
Cleveland
Cincinnati
Ohio
Pittsburgh
Pennsylvania
Rochester
Buffalo
S.W. New York
Montreal
Toronto
Sarnia
Sudbury
Thunder Bay
Nanticoke
Noranda
Sault Ste. Marie
Northern Ontario
Southern Ontario
Manitoba
H
\
J
O
H
W
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D
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O
H
W
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O
O
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N
N
N
N
N
\
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-
w
a
w
m
a
o
o
w
w
t
.
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t
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n
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l
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-
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O
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H
O
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‘
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’
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‘
V
N
O
I
-
‘
w
b
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ﬂ
l
—
‘
O
O
‘
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O
—
‘
N
b
f
—
‘
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—
‘
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‘
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O
I
—
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O
‘
f
-
‘
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i
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‘
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l
—
‘
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J
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‘
O
N
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J
N
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O
W
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N
m
P
—
‘
O
U
I
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\
I
U
I
O
N
H
m
l
-
‘
w
N
i
—
‘
N
N
I
—
‘
N
N
K
D
H
U
I
O
‘
O
C
D
D
\
l
N
O
k
ﬂ
V
U
’
I
N
H
W
-
P
O
N
H
H
A
 
\
l
b
O
-
J
-
‘
L
O
I
—
‘
w
r
—
‘
l
—
‘
U
I
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D
N
N
w
O
O
U
I
-
D
k
o
b
k
ﬂ
w
a
U
‘
l
-
m
e
O
O
V
U
1
U
1
a
)
    
a. From Reference 101.
b.
United States Environmental Protection Agency and Ontario Ministry of the
Environment
air
pollution
source
regions.
Cd, Cu, Fe, Ni, Pb
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e
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os
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m
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 TABLE 4.4-2
EXTRACTS OF MILL EFFLUENT STREAMS
(Ref. 121)
COMPOUNDS IDENTIFIED IN DERIVATIZED CHLOROFORM
Concentration in
Total Effluent
Compounds Ug/L
Dichloroveratrole(a) 7
3,4—Dimethoxyacetophenone 6
3,4,5—Trichloroveratrole(b) 2.5
Methyl Palmitate 50(C)
Ethyl Palmitate
Methyl Linolenate 60
Methyl Linolelaidate 150
Methyl Stearate 9
Methyl Sandaracopimarate 170
Methyl Isopimarate 380
Methyl Dehydroabietate 1300
Methyl Abietate 1500
Methyl Neoabietate 40
Methyl 9,10—Dihydroxystearate 3
Methyl 7—Ketodehydroabietate(a) 25
Dioctyl Phthalate 15
(a)
Tentative assignment.
(b)
Structural assignment based on similarity of mass spectrum
to published spectrum of 3,4,5—trichloroveratrole,
(C)
243
For methyl and ethyl palmitate combined.
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 TABLE 4.4—q
ANALYSES OF MUNICIPAL AND INDUSTRIAL DISCHARGES
TO THE ST. LOUIS RIVER, MINNESOTA
  
(Ref. 123)
Flow Concentration ug/L
pischarger MGD Cd Cr Cu Ni Pb Zn Hg
Conwed Corp.
— outfall 001 .4 12 23 146 <3 33 134 .3
- outfall 002 2.3 2 6 29 <3 18 157 .1
Potlach Corp.
— outfall 006 12.6 5 12 31 8 <10 152 .2
— outfall 007 4 <1 4 15 14 24 62 .1
Duluth Main 17.5 <10 120 56 <30 65 260 .3
Wastewater (average)
Treatment Plant
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 TABLE 4.4-5
MUN
ICI
PAL
AND
IND
UST
RIA
L D
IRE
CT
DIS
CHA
RGE
S T
o L
AKE
SUP
ERI
OR
JULY 1973 - JUNE 1975
  
M e a n L o a d i n g (kg/d)
Par
ame
ter
,Mu
nic
ipa
l
Ind
ust
ria
l
Tot
al
Alk
ali
nit
y a
s C
aC0
3
4,8
80
33,
600
38,
500
Arse
nic
0.04
5
Not
Samp
led
0.04
5
Bari
um
0.42
1
Not
Samp
led
0.04
1
BOD
(5 D
ay
@ 20
°C)
4,25
0
196,
000
200,
000
Cadm
ium
0.06
6
9.00
9.07
Calc
ium
2,27
0
40,6
00
42,8
00
Carbon, Total Organic Not Sampled 192,000 192,000
Chemical Oxygen Demand 4,840 549,000 554,000
Chloride 3,290 85,900 89,200
Chro
mium
0.63
7
1.52
2.16
Copper 3.76 28.1 31.9
Cyan
ide
4.31
0.50
0
4.81
Fluoride 25.6 7.95 33.6
Iron 203 655 858
Lead
1.05
9.00
10.1
Magnesium 593 8,620 9,220
Manganese 11.0 335 346
Mercury 0.009 0.340 0.349
Nickel 0.640 30.0 30.6
Nitrogen, Total as N 1,370 1,550 2,920
Nitrogen, Organic as N 575 1,330 1,900
Nitrogen, Ammonia as N 718 89.3 807
Nitrogen, N03 + N02 as N 73.1 140 213
Oil - Grease 158 614 772
Phenols 1.56 218 220
Phosphorus, Total as P 363 271 634
Phosphorus, Reactive P04 as P 166 33.6 200
Phthalates 0.025 0.024 0.049
Polychlorinated Biphenyl 0.006 0.005 0.011
Potassium 484 7,740 8,230
Selenium 0.013 Not Sampled 0.013
Silicate, Reactive as 8102 655 27,400 28,100
Sodium 2,320 84,200 86,500
Solids, Total 25,200 34,200,000 34,200,000
Solids, Dissolved 21,400 727,000 748,000
Solids, Particulate 3,310 33,400,000 33,400,000
Sulfate as S04 1,680 59,400 61,100
Zinc 4.18 175 179
   
The totals shown above represent all available data.
were
not
samp
led
for
all
para
mete
rs,
and
some
anal
ytic
al t
echn
ique
s va
ried
among the four jurisdictions.
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 é.5 DATA ON BENTHOS AND PLANKTON
PCBs were quantified in 7 of 15 samples of seston from Lake
Superior by Glooschenko and Strachan in 1974 (12). The
concentrations of the 7 samples varied from 0.5 to 1.3 ppm.
Three samples had non—detectable levels and the other five
had trace quantities. Seston from the mouths of Black and
Thunder Bays near Marathon, Ontario contained from 1.1 to
1.3 ppm PCBs. Trace quantities of dieldrin were found in
most samples and 12 of 15 samples contained non—detectable
quantities of p,p'-DDE. Veith's data (115) shown in Table
4.1—9 indicates from 0.05 — 0.12 ppm PCBs and 0.04 -
0.05 ppm DDT in Lake Superior zooplankton during 1973-74.
Brownlee and Strachan (121) collected seston from Nipigon
Bay at distances up to 6.8 km from the discharge of a Kraft
pulp and paper mill. Palmitic acid was detected at
concentrations between 150 to 2000 ug/gm dry weight of
seston, with no decreasing trend Observed at 5.7 km from
the source. Dehydroabietic acid varied from 7 to 60
ng/gm, and only trace quantities of dioctyl phthalate
were observed.
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4.6 DATA ON FISH CONTAMINANTS
Fish contaminant monitoring in Lake Superior is conducted on a routine
basis by all jurisdictions within the Lake Superior Basin. For example,
the Ontario Fish Contaminant Analysis Program conducted by the Ontario
Ministry of Environment and Ontario Ministry of Natural Resources
analyzes lake trout and rainbow trout fillets collected from Thunder
Bay, Black Bay, Marathon and other nearshore areas. The Minnesota
Pollution Control Agency's Water Quality Monitoring Program includes
fish contaminant analysis from the St. Louis River and Beaver River.
The Water Quality Monitoring Network conducted by the Wisconsin Depart—
ment of Natural Resources analyzes for mercury and PCBs in selected
species from the Nemadji River, St. Louis River and near the city of
Ashland. Within the jurisdictional waters of the State of Michigan,
the cooperative Great Lakes Environmental Contaminant Survey commonly
referred to as "GLECS" (See Section 1.6 for listing of participating
agencies) monitors six regional zones (Figure 4.6—1) for contaminant
levels in fish that are being utilized by the public to identify
levels in excess of recommended maximum U.S. FDA guidelines. As part
of the National Pesticide Monitoring Program, the U.S. Fish and Wildlife
analyzes whole fish samples during odd years from the nearshore areas
of Bayfield, Wisconsin; Keweenaw Point and Whitefish Point, Michigan.
Contaminants analyzed include mercury and selected chlorinated hydro—
carbons including DDTs, PCBs, chlordane, and other known Great Lakes
contaminants.
In addition to the above mentioned ongoing programs, various independ—
ent studies have analyzed for contaminants in Lake Superior fish.
These programs were performed to address specific questions or
research concerns.
Much of the work, suchas by Swain (112), and Strachan and Glass (113)
was sponsored under the Upper Lakes Reference Group study. Other
studies are also summarized in this chapter.
Heavy Metals
The most comprehensive metal analyses in fish from Lake Superior were
reported in the Upper Lakes Reference Study (109). Tables 4.6—1 and
4.6-2 show the concentrations (mg/kg wet weight basis) of mercury,
copper, zinc, lead and cadmium in fish collected from nearshore waters
in 1974. Analyses were performed on fillets. Table 4.6—3 lists the
jurisdictions which are undertaking such analyses. Open water whole-
fish samples were also analyzed for selected heavy metals. Fish
spec
ies
anal
yzed
were
the
slim
y sc
ulpi
ns
(Tab
le 4
.6—4
), b
urbo
t (
Tabl
e
4.6—
5) a
nd l
ake
trou
t (T
able
4.6-
6).
Tabl
e 4.
6-7
give
s a
comp
aris
on
of whole fish samples versus fillet samples of lake trout from the
ope
n w
ate
rs
in
the
Apo
stl
e I
sla
nds
.
Tab
le
4.6
-8
giv
es
the
con
cen
tra
-
tions of 42 trace elements detected in whole fish samples of lake
trout.
Arse
nic,
cadm
ium,
chro
mium
, le
ad a
nd z
inc
leve
ls i
n fi
sh f
rom
Wisc
onsi
n
waters for 1970 are presented in Table 4.6—9 as analyzed by the
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 Wis
con
sin
Dep
art
men
t o
f N
atu
ral
Res
our
ces
(12
5).
197
4 d
ata
on
the
se
and
oth
er
met
als
are
sho
wn
in
Tab
le
4.6
—10
(12
6).
A s
umm
ary
of
oth
er
mer
cur
y d
ete
rmi
nat
ion
s i
n f
ish
tis
sue
s d
uri
ng
196
7—6
8 a
nd
197
6 i
s
contained in Table 4.6-11 (56 and 107).
Organic Compounds
As
wit
h h
eav
y m
eta
ls,
the
mos
t c
omp
reh
ens
ive
org
ani
c a
nal
ysi
s o
f f
ish
was
tha
t c
ond
uct
ed
in
sup
por
t o
f t
he
Upp
er
Lak
es
Ref
ere
nce
Stu
dy
(Ta
ble
s 4
.6—
1 t
o 4
.6—
7).
Fur
the
r d
ata
on
org
ani
c c
omp
oun
ds
in
fis
h
fill
ets
from
1974
—197
6 ca
n be
foun
d in
Tabl
es 4
.6-1
0,
4.6—
12,
4.6—
13.
Who
le
fis
h d
ata
obt
ain
ed
dur
ing
197
4 i
s s
how
n i
n T
abl
e 4
.6—
14.
The
ULRG
stud
ies
indi
cate
d si
gnif
ican
t in
crea
ses
in t
he l
evel
s of
organic residues in Lake Superior fish near Isle Royale which is a
remo
te i
slan
d ma
inta
ined
as a
Nati
onal
Park
. N
o po
wer
gene
rati
on
faci
liti
es,
mini
ng o
r ti
mber
cutt
ing
have
ever
been
perm
itte
d.
Nor
are
int
ern
al
com
bus
tio
n e
ngi
nes
all
owe
d.
Swa
in
(112
) t
her
efo
re
undertook a comprehensive study to determine the possibility of
atm
osp
her
ic
pre
cip
ita
tio
n a
s a
sou
rce
of
org
ani
c c
ont
ami
nat
ion
of
fis
h
tiss
ue o
btai
ned
from
the
Isle
Roya
le a
rea.
Subs
eque
ntly
fish
from
the
Lak
e S
upe
rio
r w
ate
rs
and
fro
m t
he
Sis
kiw
it
Lak
e w
hic
h i
s l
oca
ted
with
in I
sle
Roya
le,
were
anal
yzed
for
appr
oxim
atel
y 14
orga
nic
com-
pounds. The results which are shown in Table 4.6—15 indicate that
generally Siskiwit lake trout contain chlorinated hydrocarbons at
levels which exceed those observed in Lake Superior lake trout.
Swai
n's
resu
lts
show
ed t
he s
igni
fica
nce
of a
tmos
pher
ic t
rans
port
, a
nd
the results of his precipitation analyses are shown in Table 4.3—1.
The
ULRG
repo
rted
a wi
de r
ange
of o
rgan
ic c
ompo
unds
foun
d in
Lake
Supe
rior
lake
trou
t (T
able
4.6-
16).
In i
ts r
epor
t (
109)
, t
he R
efer
ence
Gro
up
sta
ted
tha
t "
Lak
e S
upe
rio
r i
s b
ein
g c
ont
ami
nat
ed
wit
h p
ers
ist
ent
tox
ic
org
ani
c c
omp
oun
ds
fro
m e
sse
nti
all
y u
nkn
own
sou
rce
s.”
"Th
ere
is
also
a re
al p
oten
tial
that
if p
ollu
tion
by t
oxic
orga
nics
cont
inue
s
unc
hec
ked
, t
he
fis
her
ies
may
eve
ntu
all
y b
e l
ost
bec
aus
e o
f p
ubl
ic
hea
lth
pro
ble
ms
or,
in
the
ext
rem
e,
act
ual
los
s o
f t
he
res
our
ce
fro
m
the
lak
es.
Thi
s e
vid
enc
e i
ndi
cat
es
app
are
nt
ine
ffe
cti
ven
ess
of
con
—
tro
lli
ng
tox
ic
org
ani
cs
thr
oug
h
par
tia
l
ban
s."
An
add
iti
ona
l s
tud
y o
f i
nte
res
t i
s b
y S
ill
s a
nd
All
en
(10
6).
Eff
ort
s
wer
e m
ade
to
qua
nti
fy
the
lev
els
of
the
lam
pri
cid
e T
FM
in
lak
e t
rout
.
How
eve
r,
as
see
n i
n T
abl
e 4
.6-
17,
no
TFM
cou
ld
be
det
ect
ed.
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TABLE 4.6-1
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AT
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OF
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ED
TR
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NT
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IN
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LA
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Her
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0.0
50
0.0
11
0.5
4
1.1
8
27.
30
0
Two
Har
bor
s
SL‘
ulp
in
0.0
51
0.1
00
0.0
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0.0
16
.10
0
0.0
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 TABLE 4.6-2
CON
CEN
TRA
TIO
NS
(MG
/KG
WET
WEI
GHT
BAS
IS)
OF
SEL
ECT
ED
TRA
CE
CON
TAM
INA
NTs
IN FISH COLLECTED FROM NEARSHORE LAKE SUPERIOR WATERS, 1974
MICHIGAN AND WISCONSINa
  
 
  
 
      
LOCATI
ON
Sl’l‘ICl
ES
DDT
l’CB
1)11€1.D
R1N
MERCUR
Y
COPPER
ZINC
LEAD
CADMIU
M
MICHIGAN
bliteE
—t-ign
1.11111:
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
Whitef
ish P
oint
Luke T
ruut
0. 74
0.911
0.01
0. 10
0.34
1.80
0.39
0.02
Fat Lake Trnut 1.11.3 1.111 0.0') 0.50 0. 1') 2.87 0.45 0.02
Mottled Srulpin 0.21 0.44 0.02 0.04 0.112 11.90 1.50 0.09
Grand Marais Luke Trout 1.01 1.111 0.0.’ 0.19
Motllt'
d Srul
pin
0.10
0.29
11
0.01
0.66
11.70
1 40
0.07
Muuislng HvrrIu-g. 0.17 0.33 0.01 0.111
Lakv 'l'roul 1.11 1.11 0.04 0.44
Fat l..|1(t‘ 'l'rout 1.46 3.10 0.04 0. 71
Mottled S<'ulpiu 0.01 0.09 11 0.07
Witt-fish 0.19 0.27 0.19 0.04
Marun-Ltv Lakt' Trout 1. 1') 1.9') 0.02 0. 1.7
1311 Laku Trout 1.89 5.05 0.08 0.117.
Mott lL-d Srulpin 0.011 0.1'1 11 0.02
Whitvlish 0.29 0.11 0.0.1 0.07
Prt‘SqUt' 1511- Mutllt‘tl Srulpin 0.01 11 11 0.04
111).; Bay 1..Ikt' 'l'rout 0.115 1.11 11 0.26
Mottlt'd Svulpin 0.09 0.1’1 0.01 0.05 0.95 12.10 1.20 0.12
Hutvh Buy Mot t 1011 S1’111pin 1) 11 11 0.05 O. 75 12.15 1. 30 0.10
L'Ansu Mottlml Svulpiu 11 11 11 0.02 0.611 11. 78 1.40 0.08
Lawn-r l’urtagv 1:111 1y llvrrim: 1.111 1.01 0.13
1..Ikv Trout 1.15 11 0.02 0.2.1 0.16 '1. 11 0.26 .09
Mottlt-(l St'ulpin 0.09 0.04 11 0 02 0. 72 11.31) 1.20 0 10
(3r.111d Travvrsv B.1\' Mottled Sculpin 0.02 h h 0.02
Hutu (lrlsv Whltvfish 0.69 0.119 0.011 0.16
(ioppt-r Hurhor Luke Truut 2.44 2.99 0.03 0. 16
Mottled SI‘ulpin 0.04 0.09 11 0.01 0.90 11.92 1.20 0.11
Eagle Harbor Mottled Sculpin 0.10 0.15 11 0.02
Hap,le RiVL-r Mottled Slulpin 0.41 0 46 0.01 0.04
llppt-I l’urtage Entry Lake Trout 0.93 l 17 (1.02 0.45 0.15 1.34 0.30 0.02
Mottled St‘ulpin 17 11 11 0.0'1 1.22 12.45 1.50 0.13
CzIrVI-r's Bay Mottled St‘ulpin 0.43 0.17 0.01 0.01 0.81 11.81 1.30 0.11
Big Iron River Mottled St'ulpin 0.05 0.09 11 0.01 0.90 12.13 1.40 0.11
Black River Lake Trout 1.31 2.09 0.01 0.11 0.40 1.44 0.36 0.02
Fat Lake Trout r1.11 1'1. 17 0.07 0. 511 0. 29 1.12 0.28 0.04
Mott 111d St ulpin 0.11.’ h 11 0.01
lle- Royalt- Fat 1.211(1' 'l'ruut 2.10 2 11 11 0.38
Mottled St'ulpin 0.011 1.10 14.110 0.15 <0.05
Little (iirls l’uint Lake Truut 0.47 1 23 0.01 0.22 0.36 €1.16 0.25 0.02
Herring 0.111 1.10 22.45 0.39 0.22
Whitefish 0.06 0.82 8.00 0.23 0.09
El_SCONSJ§
Detection Limit 0.001 0.001 0.001 0.01 0.01 0.01 0.02 0.05
Muuth of Bad River Bullhead 0.011 0.050 'I 0.11 1.10 18.00 <0.02 <0.05
Northern Pikt- 0.008 0.020 1 0.29 0.20 7.00 0.03 <0.05
Walleye 0.023 0.200 0.004 0.02 0.58 13.00 <0.02 0.06
White Sut'kvr 0.058 0.024 ‘ 1 0.21 0.34 12.00 <0.02 0.08
Knkzignn Slough Bullhead 0.018 0.017 0.003 0.09 0.57 15.00 0.03 0.06
Nurthern PikI- 0.015 0.010 '1 0.22 O. 34 39.00 <0.02 <0.05
Yellow Perch 0.010 0.050 *1 0.02 0.32 17.00 <0.02 0.05
Chequamegon Bay Herring 0.057 0.097 ‘ 1 0.0’) 0.29 12.00 0.05 0.05
Northern Pikt' 0.025 0.0211 ‘1 0.01 0.24 30.00 <0.02 <0.05
Smolt 0.171 0.102 0.004 0.08 0.46 21.00 0.02 0.07
Walleye 0.0'14 0.110 'I 0.12 0.25 12.00 0.04 (0.05
Whitefish 0.129 0.202 0.019 0.08 0.40 14.50 0.04 0.07
Yellow Porvh 0.045 0.046 0.001 0.01 0.30 16.60 0.15 0.05
Onion River Mottled Srulpin 0.04 1.67 28.10 0.07 <0.05
Sturkton Island Motllt’d Svulpin 0.03 1.23 21.93 0.25 0.05
Spuonhvml SI'ulpin 0.04’1 0.100 0.057 0.11 1.28 22.90 0.38 0.09
Bayficld Luke Trnut 0.17 0.73 6.90 <0.05 0.06
Bark Bay Brook 'l‘rnut 0.06 0.69 3.80 <0.05 <0.05
Port Wing Hurhut 0.48 0.76 7.13 0.07 (0.05
(3131") 0.11 0.73 10.20 0.08 (0.05
Luke Trout 0.15 1.20 12.40 0.09 <0.05
Long NHSU Sllk'kt‘r 0.12 1.40 15.20 0.13 0.09
1111111130“ TTUUI 0.1] 1.05 4.50 0.26 <0.05
5171011 0.10 0.69 23.00
304‘ Lamprvv 1.32 2.80 34.90 <0.05 0.05
Mouth nf Hrult- River Brown Trout 0.191 0.145 0.006 0.12 0.49 6.20 0.04 <0.05
Rainhnw Trout O. 110 0.065 0.002 0.11 1.85 6.10 0.07 (0.05
Walleye 0.074 0.080 0.005 0.20 0.59 11.03 0.05 0.10
West of Brulv Rivvr Ruinhuw 'l‘rnut 0.070 0.110 "0.001 0.10 0.36 5.80 0.03 0.02
valt 0.200 0.263 0.007 0.93 0.38 24.30 0.04 0.07
Hal 11-yt- 0.229 0.218 0.001 0.38 0.30 8.18 0.03 0.05
a. lnformatiun {rum rt-fcrunu-s
b. not dt-tw‘t pd.
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TABLE 4.6-3
CONTAMINANTS MEASURED IN FISH FROM NEARSHORE
LAKE SUPERIOR WATERS
Michigan Wisconsin MinnesoLg thario
Benzene hexachloride * *
Heptaehlor-heptachlor epoxide * *
Dieldrin * * * *
Endrin
Aldrin
Lindane
DDT
DDD
DDE
Chlordane
Methoxychlor
Mirex
Polychlorinated biphenyl (PCB) * *
Polybrominated biphenyl
Hexachlorobutadiene *
Hexachlorobenzene * *
Dibutylphthalate
Diethylphthalate *
Diethylhexylphthalate *
Copper *
Nickel
Lead
Zinc *
Cadmium *
Manganese *
Arsenic *
Chromium * *
Selenium *
Mercury * *
Gross a *
Cross 8 * *
x
.
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Fillet * k A *
Whole fish * *
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E
4.
6-
6
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS (MG/G) AND EAT (Z)
IN LAKE TROUT (WHOLE FISH) FROM THE OPEN WATERS OF LAKE SUPERIORa
COMPOUND or
APOSTLE
KEWEENAW
WHITEFISH
COPPERMINE
LAKE AVERAGE
ELEMENT
ISLANDS
POINT
POINT
BANK
(unweighted)
46
50
49
10
10
10
(1.84)
(0.78) 15
(0.60) 31
(1.03)
(1.11) 26
(1.15)
(0.67)
(0.61)
(0.78)
PCB
(0.22)
(0.09)
1.80 (0.22)
4
(0.27)
(0.07)
2.27 (0.26)
(0.13)
(0.25)
(0.14)
DDT
(0.35)
(0.14)
6.29 (0.76)
(0.59)
(0.11)
8.17 (0.70)
(0.15)
(0.61)
(0.89)
DDT
(0.02)
(0.02)
0.62 (0.07)
(0.03)
(0.01)
0.41 (0.04)
(0.02)
(0.03)
(0.08)
DDE
(0.003)
(0.004) 0.34 (0.04)
(0.01)
(0.004) 0.10 (0.01)
(0.01)
(0.02)
(0.02)
DDT
(0.10)
(0.03)
1.25 (0.21)
1
(0.15)
(0.03)
2.21 (0.14)
(0.04)
(0.19)
(0.29)
DDE
(0.20)
(0.09)
3.28 (0.48)
4
(0.38)
(0.07)
5.15 (0.49)
(0.07)
(0.36)
(0.44)
pp' DDD
(0.03)
(0.01)
0.80 (0.05)
0
(0.05)
(0.007) 0.39 (0.04)
(0.01)
(0.03)
(0.14)
Dieldrin
(0.008)
(0.006)
0.47 (0.04)
0
(0.02)
(0.003) 0.10 (0.01)
(0.006)
(0.006)
(0.03)
Lindane (BHC)
0.05 (0.008)
0.20 (0.01)
Chlordane
0.54 (0.08)
0.59 (0.05)
Methoxychlor
<0.05
<0.05
Mercury
0.39 (0.02)
0
0.78 (0.03)
Arsenic
0.41 (0.02)
0.61 (0.02)
Cadmium
0.01 (0.001)
0.02 (0.001)
Chromium
0.05 (0.005)
0.04 (0.004)
Copper
0.75 (0.04)
0.90 (0.05)
Lead
0.05 (0.005)
0.03 (0.003)
Selenium
0.40 (0.02)
0.54 (0.02)
Zinc
12.9
(0.31)
11.4
(0.40)
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The number in parentheses is the standard error of the mean.
Number of individual fish.
Number of composites analyzed.
   
 TABLE 4.6—7
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS (UG/G)
AND FAT (Z) IN LAKE TROUT (WHOLE FISH AND FILLETS) FROM THE
OPEN WATERS IN THE APOSTLE ISLANDS, LAKE'SUPERIORa
COMPOUND WHOLE LAKE TROUT LAKE TROUT FILLET
or ELEMENT
N: 46 49
n 10 10
Fat 15 (0.60) 9 (0.38)
Total PCB 1.80 (0.22) 1.68 (0.15)
Total DDT 6.29 (0.76) 2.99 (0.31)
op' DDT 0.62 (0.07) 0.31 (0.03)
Op' DDE 0.34 (0.04) 0.14 (0.01)
pp' DDT 1.25 (0.21) 0.67 (0.08)
pp' DDE
3.28 (0.48)
1.50 (0.20)
pp' DDD
0.80 (0.05)
0.37 (0.03)
Dieldrin 0.47 (0.04) 0.21 (0.02)
Lindane (BHC) 0.05 (0.008) 0.03 (0.006)
Chlordane 0.54 (0.08) 0.22 (0.02)
Methoxychlor <0.05 ,<0.05
Mercury
0.39 (0.02)
0.51 (0.04)
Arsenic 0.41 (0.02) 0.33 (0.02)
Cadmium
0.01 (0.001)
0.002(<0.001)
Chromium
0.05 (0.005)
0.07 (0.002)
Copper
0.75 (0.04)
0.46 (0.02)
Lead
0.05 (0.005)
0.012(0.002)
Selenium
0.40 (0.02)
0.41 (0.01)
Zinc
12.9
(0.31)
3.61 (0.09)
  
 
a. The number in parentheses is the standard error of the mean.
b. Number of individual fish.
c. Number of composites analyzed.
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 TABLE 4.6—8
TRACE ELEMENTS DETECTED BY SPARK SOURCE MASS SPECTROMETRY IN
WHOLE-FISH SAMPLES OF LAKE TROUT FROM THE OPEN WATERS OF
LAKE SUPERIOR. CONCENTRATIONS IN UG/G
ELEMENT COPPERMINE BANK APOSTLE ISLANDS
‘ Lead (Pb) 0.10 0.11
Neodymium (Nd) — 0.035
Praseodymium (Pr) — —
Cerium (Ce) — 0.005
Lanthanum (La) — 0.13
Barium (Ba) 0.055 0.12
Cesium (Cs) 0.010 0.020
Iodine (I) 16 25
Tellurium (Te) — 0.010
Tin (Sn) 7 0.43
Indium (In) 0.030 0.13
Cadmium (Cd) — -
Silver (As) 0.045 0.18
Rhodium (Rh) - 0.020
Molybdenum (Mo) . 0.025 0.22
Zirconium (Zr) - -
Strontium (Sr) 1.2 2.3
Rubidium (Rb) I 2.8 3.8
Bromine (Br) 3.1 8.2
Selenium (Se) 0.18 0.20
Arsenic (Ar) 0.002 0.005
Germanium (Ge) 0.24 0.27
Gallium (Ga) 0.015 0.005
Zinc (Zn) 21 27
Copper (Cu) — —
Nickel (Ni) — -
Cobalt (Co) 0.36 0.37
Iron (Fe) 14 12
Manganese (Mn) 2.7 3.7
Chromium (Cr) 1.6 0.98
Vanadium (V) 0.085 0.085
Titanium (Ti) 0.16 0.20
Scandium (Sc) 0.055 0.12
Aluminum (Al) - -
Fluorine (F) 0.020 0.46
Calcium (Ca) >45 >71
Potassium (K) >16 >16
Chlorine (C1) > 5 >53
Sulphur (S) >23 >22
Phosphorus (P) >26 >38
Magnesium (Mg) > 7 >82
Sodium (Na) >24 >32
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TABLE 4.6—9
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 TABLE 4.6—10
RESULTS
OF
ANALYSES
OF
FISH
BY
THE
WISCONSIN
DEPARTMENT
OF NATURAL
RESOURCES
Meta/s — mg/kg
Radioactivity -— pC«'/g
Pesticides and PCB: — ug/A‘g
Sample Lab 40 1 137 1 Gross Del. Chlor- Me1h0xy-
Location §pecies&Size No. No. As Cd Cr Cu H_q Pb Se Zn K Cs Beta Algha ODE DDD DDT c'in dane BHC chlcr Fa:% PCB Dare
57347 .33 .056 .10 .30 .08 <.1 <.02 .37 23 2.7-.6 .22-.05 3.1—-.2 <.12 159 20 66 3.9 10 < 1 < 2 4.2 270 8107/74
57348 .25 .092 .11 .42 .08 <.1 .06 .38 24 3.0—.4 31—04 3.1 —.2 <.14 143 20 54 10.5 10 < 1 < 4.3 250 "
57349 .38 .062 .22 .42 .12 <.1 .06 1 .40 25 22-2 .20—.02 2.9—.2 <.14 100 12 26 < 1 SC <1 < 4.5 270 "
57350 .14 .029 .06 .28 .39 <.1 < .02 .52 6.2 3.0—.2 159—.02 5.3—.4 <.13 400 38 225 4.65 50 < 1 < 1.3 315 "
57351 .10 .022 .06 .50 .54 <.1 .10 .50 5.7 3.4—.6 1.24—06 4.8—.3 <.08 87 17 59 2.4 10 < 1 < .6 160 "
 
3 mi. west of Brule River Smelt 5.7"—10"
"
Smelt 5.7"—10"
Smelt 5.7"—10"
Walleye 21.0"
Walleye
19.5"
v
—
N
m
ﬂ
‘
l
ﬂ
(
0
Walleye 10.8" 57352 .26 .051 .07 .24 .48 <.1 <YJ2 .42 5.3 29—4 1.38—04 5.0—.4 .14—.03 69 12 40 3.6 20 < 1 < 2 1.35 150 "
Walleye 18.0" 57353 .04 .052 .08 .34 .42 <.1 < .02 .44 10.0 33—6 .17—06 45—3 <.14 105 20 75 0.5 50 < 0.5 < 2 1.43 315 "
Walleye 13.0" 8 57354 .07 .054 .05 .15 .36 <.1 < .02 .52 6.9 29—5 1.17—.06 4.6-.3 <10 75 12 45 <1 40 < 1 < 2 1.48 150 "
Walleye
"
9.0"—10.3" 9 57355 .03 .087 .08 .27 .10 <.1 .04 .29 15.0 2.7—.6 55—.06 4.3—.3 <17 41 18 40 4.1 50 < l < 2 1.22 150 "
Rainbow Tlom
"
22.5”
15 57361 .15 .024 .09 .36 .10 <1 .03 .52 5.8 35—6 .77—.06 4.6—.5 <09 60 3 6
h
0.5 lm. <0.5< 1 2.70 110 "
L
n
Moulh of Brule River Walleye
8.2"—-9.5” 10 57356 .13 .044 .07 .95 .14 <.1 .05 .36 15.0 30—6 .71—06 45—3 <22 53 15 42 0.5 10 <1 <
Walleye
"
11.5"-—17.8" 11 57357 .10 .23 .06 .50 .22 <.1 .06 .42 7.1 3.3—.6 .95—06 5.5—.4 <15 19 6.516 2 10 <1 <2 .68 55 "
Walleye
"
10.0".11.5" 12 57358 .07 .027 .09 .33 .24 <.1 .03 4011.0 3.1-.6 .65—06 4.0—.3 <16 34 10 29 11 50 <1 <2 .97 66 "
and13.0"
RalnbowTrom
"
27.2" 13 57359 .03 .017 .07 3.4 .09 .4 .07 .82 7.5 40-6 .83—-.06 4.7—.3 <09 53 8 6 3.6 10 <1 <
Rainbow Tmu!
"
27.4"
14 57360 .03 .020 .04 .29 .13 <.1 .07 .79 4.7 3.1—.6 .72—.06 4.2-.3.28-.06 105 27 20 <1 50 <1 < 2 2.49 50 "
N
1.25 12
0
7/17/74
2
5
9
O
V
n
o
(
‘
1
9/13
/74
I
Brawn Troux
l
"
20.3"
16 57362 .15 .014 .04 .50 .135 <.1 .04 .56 4.8 4.3-.6 .57—.OG 4.4—.3 <.07 110 16 50 10 50 <1 <2 4.04 215 "
Brown Trout
"
19.2"
17 57363 .10 .022 .05 .50 .16 <.1 .08 .44 5.7 34—6 .53—.06 4.6~.5 <08 93 16 32 1.5 50 <1 < 2 5.26 23:”: "
.
Brown Trout
"
21.1" 18 57364 .17 .010 .14 .46 .09 <.1 <.02 .57 8.1 3.6—.6 66—06 4.7—.5 <09 58 13 48 6.6 50 <1 <2 4.42 130 "
Mouth of Bad Rsver
Northern Pike
19.1"—20.5" 19 57365 .03 .026 .06 .20 .29 <.1 .03 .31 7.0 35—6 .21—.06 3.8—.3 <.10 4.5 1 2 <1 10 <0.5< 2 .11 20 3/13/74-
Bullheads
"
4.7",5.4",
20 57366 .03 .022 .12 11.1 .11 <.1 <.02 .22 18.0 2.7—.6 <.15 3.4—.3 <.22 5.8 2 3 <1
10 <2 < 2 2.80 50
"
7.1"8193"
‘
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9.
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Perch 10"
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7" l0 8"
Sm
el
t (
10)
B"
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t (10
)
6"
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10" m
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"
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13"
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Northe
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5" 10 8"
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39
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3
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0
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41
2
4
2
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85
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.0
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.0
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.0
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.0
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.08
.08
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1
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.0
7
.06
.06
.08
.58
.
3
4
.
3
4
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7
.49
.
3
4
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5
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.
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.03
.02
.05
.0
7-
.2
2
.02
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<.35
<.
14
35
—4
.4
3-
09
<.13
<,15
4.
3—
.4
.1
3-
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<
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3
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1
0
1
6
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5
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3
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(
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5
<
1
<
1
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7.5
3
1
.
<
1
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<
1
3.2
3.
4
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2
0
4
0
NA
.
2
0
5
0
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2
0
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<
1
 
<
2
<
2
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<
2
<
2
1 .
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1.48
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NA
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.
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9
7
2
0
4
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3
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3
/
1
6
/
7
4
8/
16
74
9/
17
/7
4
TABLE 4.6-10 CONT'D
 
Metal: — mg/kg
Radioactivity — pC
i/g
Pesticides and PCB
: -— ug/k;
SampleLab
40‘ 13
7 1 G
ross
Dielv Chlor
- Vum
hoxy-
Location
Species&Size
No. No. A
s Cd Cr
Cu Hg Ni
Pb Se Zn
K Cs
Beta Alpha
DOE DDD DDT
dr' dane 8H
0 cnlor Fatié
PCB ate
 
Mouth of (hi: Nemadji River Carp
24.0" 42 57388 .
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. I
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43 57
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<
<
<
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1 1G
53 20
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1
5.10 230 7/1
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1
,.
.1 <.0
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15.0 2
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3.4—2
<.11
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1
1
1
1
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58 17
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2 .14 .021 .08 .10 .
19
Carp 25.0" 47 57393 .07 .021 .06 .22 .13
Norlhern Pike
"
26.9"
48 57394 .
03 .020 .1 1
.30 .21
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"
22.2"
49 57395 .
04 .045 .09
.21 .11 <.1
<02 .35 19.0
29—2 .32—02
40—3 <.1G
120 23 50
<1 50 <1
<2 2‘1 24
0
Northern Pike
‘
"
17.8"
50 57396
.03 .031 .06
.15 .28 <.1
<02 .32 17.0
3.2—.6 30-06
38—3 <20
50 19 32
<1 50 <1
<2 113 1
20
Nonhe
rn Pik
e
" 15.8"
51 57397 .10 .046 .05
.21 .19 <.1 <02 .24 20
.0 2.9—.5 <.15 3.7—.
Walleye (2)
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52 57398 .
29 .052 .06
.21 .16 <.1
<.02 .39 11.0
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<
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l3l
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1":o12"
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.10 .017 .09
.24 .14 <.1
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<24 23 20 35 2
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.05 .017 .06
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< .02 .39 9.0
2.6—.3 < .15
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< 2 2.
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3.6—.3 <3"
17 33 32
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< 2
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(8)
"
4"10 7"
57 57403
.27 .017 .08
.30 .05 .2
< .02 .26 16.0
28—5 < .15
3.6—.‘1 <26
13 33 34
<1 50 <1
< 2 2.
Perch
(2)
" 10"!011"
58 57404 .05 .069 .10
.28 .27 .16 .05 .30 16
.0 2.6—.5 (.15 35—3
<31 27 I17 70 5.3
50 <1
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v
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Lower 51. Louis Ri
ver Carp
27.0"
59 57405 .
03 .019 .26
.34 .20 < 1
.07 .26 20.0
2.0—.4 < .15
3.6-.3 < .14
50 310 56
3.3 In' <1
"
Carp 26.0"
60 57406
.03 .031 .05
.36 .24 < .1
.03 .23 18.0
3.1 -.6 < .15
23—3 < .10
40 138 40
a 50 <1
" Carp19.0"
61 57407 .12 .013 .04
.22 .06 < .1 < .02 .22 14
.0 2.3—.4 < .15 3.5—.4
<.12} 10 1G 20 <1
Inl. <1
"
Carp 19.0"
62 57408 .
03 .13 .12
1.1 .11 <.1
< .02 .26 24.
0 2.6-.4 <
.15 3.4—.3
<.13 23 4
4 33 5.6
50 <1
"
Carp 19.0”
63 57409
.26 .021 .09
.29 .12 < .1
.03 .17 19.0
2.6—.4 < .15
3.7—.3 < .15
9 20 24
<1 20 <1
2 N.A. 1000
7/16/74
2 12.14:
560
”
2
5.47
430
4'
2
N.A
.
315
~
2
2.90
190
"
V
V
V
V
V
 
1. Gross Speclrum by radioacﬁvixy
.
N.A. — Not Available
lnl. ~ lnxcrfercnce
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pm
Speci
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DDT
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DIELD
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Whit
efis
h
00.9
8
00.7
2
00.1
7
00.0
5
1974
‘
00.5
5
01.1
0
00.1
6
00.0
9
00.2
6:0.
10
00.3
0:0.
10
00.0
5:0.
00
00.0
2:0.
00
01.2
6i1.
42
01.7
8i1.
98
00.5
3:0.
30
00.0
1i0.
00
01.3
0
01.9
5
00.5
3
00.0
1
04.5
8
03 7
7
00.7
5
00.0
1
Lake
trou
t
’
01.2
8:O.
S3
02.4
2+0.
98
00.4
4:0.
26
00.0
8:O.
90
1974
03.1
5:2.
12
OA.9
6£2.
96
00.6
2:0.
32
oo.0
5:0.
00
04.
73:
2.6
6
07.
66:
A.7
6
00.
69:
0.2
6
00.
07i
0.0
2
01.4
7:2.
04
03.0
4:4.
58
00.2
6:0.
09
00.0
7:0.
08
02.7
2:3.
02
03.6
1:3.
92
00.4
6:0.
19
00.0
3:0.
00
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4.3
3
03.
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2.7
7
00.
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0.1
6
00.
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0.0
7
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4
00.3
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2
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4
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0
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0.1
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0.0
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0.0
0
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2
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0.0
0
07.
45i
5.3
9
08.
68:
5.5
1
00.
74:
o.1
7
00.
06:
0.0
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i0.06
00.03
:0.00
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:0.00
'
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8+1.
09
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 TABLE 4.6-1}
(Ref.
NAME
Alewife
Bloater Chub
Blue Gill
Brook Trout
Brown Trout
Bowfin
Bullhead
Burbot
Carp
Chub
Cisco
Coho Salmon
Chinook Salmon
Crappie
Freshwater Drum
Gizzard Shad
Herring
Lake Trout
Lake Whitefish
Large Mouth Bass
Menominee
Northern Pike
Panfish
Pumpkinseed
Rainbow Trout
Redhorse
Sheepshead
Small Mouth Bass
Smelt
Sucker
Sunfish
Tiger Trout
Walleye
White Bass
White Sucker
Yellow Perch
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FISH SPECIES COLLECTED AND ANALYZED FOR PCBS
LETTER
CODE
A
BC
B
BT
BR
BW
BU
BB
C
CH
CI
CS
CN
CR
D
GS
H
LT
LW
LMB
M
NP
PF
P
RT
R
SH
SMB
SM
S
SF
TT
W
WB
WS
YP
 TABLE 4.6—13 CONT'D
Fish Collection Description ppm PCB
PORTION< °/. _
SITE DATE SPECIES SAMPLED ANALYZED FAT LOW X HIGH
St. Louis River Mouth 07/74 5C* F 6.8 0.2 .5 1.0
Nemedji River Mouth 07/74 6C, 4NP, 10W, 16YP F 3.5 0.1 0.4 1.3
Lk. Superior
Entry 08/76 3W, 1BR, ZS F 3.1 0.1 0.3 0.7
N. Middle River 08/76 8SM, 40H EP 4.9 0.3 0.5 0.8
N.E. Poplar 08/76 3LT, 3BR F 7.5 0.3 0.8 1.3
3 mi w. Brule River 08/74 303M, 10w, lRT F 2.3 0.1 0.2 0.3
W. Brule River 08/76 lBR, 4W, ABE, 1H, SS,
2M F
6M8, 3CH EP 3.0 0.1 0.6 1.4
Mouth Brule River 07/74 10W, ZRT, 2BR F 2.7 0.0 0.1 0.2
W. Iron River 08/76 6CH EP 14.1 1.3 1.3 1.3
45 F 3.9 0.4 0.9 1.8
4W F 3.9 0.1 0.4 0.7
N. Port Wing 08/76 88M EP 2.1 0.3 0.3 0.3
W. Herbster 07/76 lBB F 1.0 0.1 0.1 0.1
N. Bark Pt. 07/76 ZLW F 10.8 0.2 1.5 2.7
1LT, lBB F 5.3 0.1 0.4 0.8
E. of Squaw Bay 07/76 6CH, 88M, EP
48, 2LT F 4.0 0.4 0.8 1.3
N.W. Eagle Island 07/76 131 F 28.8 2.4 2.4 2.4
N. Sand Island 07/76 6CH E? 7.9 0.8 0.8 0.8
N. Madeline Island 08/76 181 F
8CH EP 11.4 0.8 0.8 0.8
Bad River 09/74 1BR, ZNP, 4130, 4w, IS F 2.1 0.1 0.1 0.1
Cheq. Bay 08/74 1H, l6YP, 303M, 4LW,
3W, 1NP F 3.9 0.1 0.1 0.1
Kakag
on
08/74
7YP,
1NP,
29BU
F
3.0
0.1
0.1
0.1
       
* Implies 5 carp were analyzed.
(a) F: fillet
EP: edible portion
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 TABLE 4.6-15
MEAN VALUES OF PERSISTENT ORGANIC RESIDUES IN SELECTED WHOLE FISH FROM VARIOUS REGIONS OF
LAKE SUPERIOR AS COMPARED WITH FISH FROM SISKIWIT LAKE, ISLE ROYALE
(Ref. 112)
HEPTA—
NO. NO. OF AVE.
CHLOR p,p- o,p—
p,p- p,p- TOTAL DIE
L— l 2
3 4
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1701 9.71 1.2
7 15 3
.40 .08 13 .0
9 .57 41 BQT
.5 .2 BQT
Area
'
(40—76)
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TABLE 4.6—17
, (Ref. 106)
1973 ANALYSES FOR TFM RESIDUES IN LAKE SUPERIOR FISH
 
Number Weight (kg)
Species and Location Fish Mean Range
Lake trout
—Munising 11 1.6 0.75—3
—Whitefish Point 8 1.1 0.7 —2
«Keweenaw Bay 7 0.7 0.5 —1
No residues of TFM were found in any samples.
(limit of detection — 0.01 ug/g).
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 4. 7
Data on Wildlife
Table 4.7—1 summarizes data on organic contaminants and mercury
in ducks, starlings and eggs of herring gulls. The levels of
mercury found in 1970 by the Wisconsin Department of Natural
Resources (124) were not significant in the puddle ducks, coots
and geese throughout the state. Diving ducks, the blue heron
and the hooded merganser were found to contain greater amounts
of mercury. However, few samples were taken from the Lake
Superior Basin. The analyses of herring gull eggs from Lake
Superior showed a diversity of organic contaminants, including
mirex (73, 74). Significant declines were observed in DDE
levels, and apparent declines were noted for PCB and mirex
levels.
The results of a recent (163) study of pectoral tissues of
several bird species found in the Duluth-Superior Harbor are
shown in Table 4.7-1. The analyses of a first year gull,
between 4 and 5 months old, from the Duluth—Superior Harbor
revealed several additional contaminants: tetrachloro-
heptachlorobiphenyl, pentachloroanisole, hexachlorobenzene,
tribromoanisole, pentachlorobenzene, chlordane, nonachlor
and mirex.
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There are several data sources on the environmental quality of the Lake
Michigan Basin. In July 1977, "An Environmental Information Directory"
was published (130) as part of the Chicago Lakefront Demonstration Project.
Within the directory, research and monitoring programs in the southern
basin of Lake Michigan are listed under the headings of: earth character—
istics; coastal processes; hydrology; water quality; meteorology; air
quality; biology of plants; biology of animals; and environmental health.
In 1976, the Argonne National Laboratory published a series of reports
entitled "Environmental Status of the Lake Michigan Region" to "provide a
reasonable comprehensive descriptive review and analysis of natural
features and characteristics, as well as past, present, and proposed
natural processes and human activities, that influence the environmental
conditions of Lake Michigan, its watershed, and certain adjacent metropoli—
tan areas." Volume 3 of the series which is entitled "Chemistry of Lake
Michigan" (131), provides a "synoptic review of data collected over the
past twenty years on the Chemistry of Lake Michigan." Another extensive
source of information is the report by Copeland and Ayers entitled "Trace
Element Distributions in Water, Sediment, Phytoplankton, Zooplankton and
Benthos in Lake Michigan: A Baseline Study with Calculations of Concentra—
tion Factors and Buildup of Radioisotopes in the Food Web" (132). General
information on the chemistry of Lake Michigan is also found in the report
of the Great Lakes Basin Framework Study entitled "Limnology of Lakes and
Embayments (Appendix 5)" (133). The publication "The Green Bay Watershed -
Past/Present/Future" is also recommended (173). The U.S. EPA Region V
Great Lakes Office is currently preparing a report on the results of its
1976—77 Lake Michigan cruises.
5.1 DATA ON WATER QUALITY
Heavy Metals
Table 5.1-1 summarizes the heavy metal concentrations in nearshore
and open waters of Lake Michigan, which have been reported by various
investigators. Much of the data for the years 1969 to 1971, were
obtained from reference 131. In many instances it was difficult to
determine if the values given were for "dissolved" or "total" metals.
Table 5.1-2 shows the results of a study by Leland (134) to determine
the concentrations of solute trace elements in the epilimnion of
southern Lake Michigan. Estimated ranges and averages of trace metal
concentrations in the offshore waters of Lake Michigan are shown in
Table 5.1—1 and 5.1-3 (131, 132). Distribution of zinc as determined
by the Environmental Research Group (132) is shown in Figures 5.1-1.
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ica
te
tha
t p
hth
ala
te
est
ers
are
fre
que
ntl
y f
oun
d a
t
elevated levels.
The
mos
t e
xte
nsi
ve
att
emp
t t
o i
den
tif
y o
rga
nic
con
tam
ina
nts
in
the
wat
ers
of
the
Lak
e M
ich
iga
n B
asi
n w
as
und
ert
ake
n B
y E
win
g a
nd
Chi
an
(18
) i
n 1
975
-76
.
The
sam
pli
ng
sit
es
are
lis
ted
in
Tab
le
5.1
—10
.
Sev
era
l s
amp
les
may
hav
e b
een
tak
en
fro
m e
ach
sit
e,
and
the
rea
der
is
ref
err
ed
to
ref
ere
nce
18
for
fur
the
r d
eta
ils
.
The
obs
erv
ed
con
cen
tra
—
tio
ns
of
"vo
lat
ile
,"
"ac
id—
ext
rac
tab
le,
"
and
"ba
se-
ext
rac
tab
le"
org
ani
c c
omp
oun
ds,
are
lis
ted
und
er
eac
h s
amp
lin
g s
ite
(in
acc
ord
anc
e
to
the
sit
e n
umb
er
des
ign
ate
d i
n T
abl
e 5
.1—
10)
, i
n T
abl
es
5.1
—11
to
5.1
—13
.
Ran
ges
of
con
cen
tra
tio
ns
are
den
ote
d a
t t
he
sit
es
whe
re
several samples were taken.
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TABLE
5.1-1
HEA
VY
MET
AL
CON
CEN
TRA
TIO
NS
IN
LAK
E M
ICH
IGA
N W
ATE
RS
ppb
<ug
/L)
(a)
  
DATE &
SAMP
LING
FREQU
ENCY
1969-70
(3 t
imes
)
1970
1970—71
(monthly)
[-
3
\3
~4 1969-71
1974-77
(annual)
1973-77
(ann
ual)
197
2-7
7
(annual &
quarterly)
197
4-7
7
(ann
ual)
1974-77
(annual)
1972~77
(ann
ual
&
quarterly)
STATION
12 inshore
stations (b)
8 off
shore
sta
tio
ns
(b)
10m
dept
h ne
ar:
Wauk
egon
Ludin
gton
Kenosha Public
Water Supply Intake
Waukegon Generating
Station Intake
North Chicago
Publ ic Water Supply
Intake
Estimated General
Offshore Concentra-
tion
Ford River WTP
Mouth of Ford
River
Grand
Haven
Mouth
Grand
River
City
of
Holla
nd WT
P
Ma
ni
st
iq
ue
River Mouth
Mason
ville
,
White
Fish
River
Mouth
Menominee
Water
Intake
(Green
Bay)
ARSENIC
.98
(.17—1.9)
1.0
(.38
-2.6
)
<l-2
<l—2
<1-.4
<l-.3
<l-S
MOLYB-
CADMIUM CHROMIUM COBAL
T COPPER LEAD ME
RCURY DENUM NICKEL
SELENIUM SILVER
0.2
(.03—.57)
.03
(.02—.03)
- 1.6
N.D.—4.8
(.5—3.2)
N.D.-18 —
.08 .3
2 .24
7
(.02—.1
7) (.0
6—l.l)
(.1S—.&
;
1 .32
.35.17 .
(.08—.14) (.18—l.2) (.lSv.32)(.06-.55)
.02
(.Ol~.02)
N.D.
—4.8
-
1.8
(
.
8
-
4
.
)
N.D.—17 —
1.0(e)
-
—
.8(e)
19 (d)
.4(d)
.2(e) — —
— — —
—
3.3(d) — — a - - —
.6(d) — — — — - -
.22 - <3
— — -
(.11—.53)
<1 <1—7 - - 2
(1-5)
M
V
l
.84 - <3
- — -
(.07-2.97)
<1
4
—
14 9
(1-14) (1-35) (4-15)
<l-2 2 .56 - <3 - - -
(.06-3.)
<1
2
-
<1 .5-6 .03—.
6 1—8 .02—
.4 2-5
.303) .2(b)
11
-1
2
<2
<1
_
33
—3
4
<1
<1
<5—9 <2 <1 —
2—6
—
6—8
<2
9—11
<1
<1-30(b)
<1—2(b)
'6
0
(I. x—ASO)
t —26)
1—60
1—
15
5—46
43—300
INF
ORM
ATI
ON
SOU
RCE
131
131
131
133
115
135
135
 
 T
A
B
L
E
5
.
1
—
1
C
O
N
T
'
D
 
DATE &
SA
MP
LI
NG
FR
EQ
UE
NC
Y
19
72
—7
7
(ann
ual
&
quart
erly)
19
73
-7
7
(annual)
197
3—7
7
(ann
ual)
1973-77
1974—76
19
77
2
7
8
STA
TIO
N
ARS
ENI
C
CAD
MIU
M
St.
Jose
ph W
ater
<l—l
<.l—
l
Int
ake
St.
Josep
h Ri
ver
1—2(b
)
<l—3
Mou
th
Saugatu
ck, Ka
lamazoo
<l—3(b)
.5—3
River
Mouth
Trave
rse
City
<l—.4
.2—2
(ann
ual)
Near
shor
e be
twee
n
St. Jo
seph an
d
Mic
hig
an
Cit
y
—Epi
limn
ion(
f)
—Hypoli
mnion(f
)
—Epilimnion(b)
—Hypoli
mnion(b
)
Near
shor
e t
o
<2
<2
30 k
m fr
om s
hore
(a)
ass
ume
d t
o b
e "
tot
al"
unl
ess
oth
erw
ise
spe
cif
ied
(b)
"di
sso
lve
d"
(c)
hig
her
val
ues
tha
n t
hos
e i
ndi
cat
ed
in
thi
s t
abl
e w
ere
not
ed
in
the
vic
ini
ty
of
pow
er
pla
nts
(d)
aci
d
exc
han
gea
ble
(e)
"fre
e" m
etal
(f)
par
tic
ula
te
fra
cti
on
COPPE
R LE
AD
m
N
H
H
m
m
H
H
NIC
KEL
6~
28
21—
22
22—
26
10—
13
SELE
NIUM
<1
<1
<1
<1
4.8
SI
LV
ER
<1
<1
<
1—
2(
b)
o
o
o
o
o
o
o
\
‘
T
Q
INF
ORM
ATI
ON
SOU
RCE
135
I36
 F
I
G
U
R
E
5
.
1
-
1
ZINC DISTRIBUTION IN LAX! MIC aAN
THIRD cams: WATﬁR (m3)
I6
0
.
0
)
\ Grand RIVGJ‘
279
2
8
0
C
o
n
c
e
n
t
r
a
t
i
o
n
s
(p
g/
li
tr
e)
of
so
lu
te
tr
ac
e
el
em
en
ts
in
th
e
e
p
i
l
i
m
n
i
o
 
T
A
B
L
E
5
.
1
—
2
(R
ef
.
13
4)
n
of
s
o
u
t
h
e
r
n
L
a
k
e
M
i
c
h
i
g
a
n
(
1
9
7
1
)
*
E
L
E
M
E
N
T
JU
NE
ME
AN
RA
NG
E
J
U
L
Y
 
ME
AN
RA
NG
E
ME
AN
AU
GU
ST
 
R
A
N
G
E
O
C
T
O
B
E
R
 
ME
AN
RA
NG
E
C
a
d
m
i
u
m
C
o
p
p
e
r
C
h
r
o
m
i
u
m
Le
ad
Zi
nc
0.
1
0.
04
-
0.
26
4
.
4
2.
4
—
7.
5
0
.
9
0
.
4
—
2
.
5
1
.
1
0
.
7
—
2
.
7
7
.
5
2
.
3
—
2
6
.
0.
1
0.
05
-
0.
19
3.
8
2.
6
—
5.
6
0.
8
0.
4
—
1.
5
1.
0
0.
5
-
2.
9
5.
6
2.
9
—1
0
.
0
.
1
3.
9
0
.
8
0
.
8
5
.
6
0.
05
-
0.
39
2.4
0.5
0.
6
2.
2
—
5
.
1
-
3
.
1
-
9.
5
—2
1.
0
.
1
4.
4
1.
0
1.
1
6
.
0
0
.
0
7
—
0
.
2
5
2.
4
0.
5
0.
7
3
.
4
—
6
.
1
-
3.
5
-
4
.
6
—2
2.
*
R
a
n
g
e
s
a
r
e
f
o
r 4
1
l
o
c
a
t
i
o
n
s
sa
mp
le
d.
M
e
a
n
s
a
r
e
f
o
r
l
o
c
a
t
i
o
n
s
6
.
4
k
m
o
r
g
r
e
a
t
e
r
f
r
o
m
s
h
o
r
e
.
 
 TABLE 5.1—3
(Ref. 132)
AV
ER
AG
E
TR
AC
E
EL
EM
EN
T
CO
NC
EN
TR
AT
IO
NS
FO
UN
D
IN
LA
KE
MI
CH
IG
AN
WATER PARTS PER BILLION
(1969—1970)
Ag
.3
K
16
00
A1
27
La
.2
As
1
Lu
<.
00
9
Au
.0
02
Mg
11
50
0
Ba
37
Mn
1
Br
50
Mo
21
Ca
35
00
0
Na
50
00
Ce
.7
Rb
1
C1
11
00
0
Sb
.2
3
Co
.1
8
Sc
.0
03
Cr
1.
7
Se
.0
83
Cs
.0
14
Sm
.0
3
Cu
=5
Sr
97
Eu
.0
08
6
Th
.0
02
4
Fe
19
V
-
2
Hf
.0
04
Yb
< .
01
Hg
.0
27
Zn
16
I 1
1.
)
Da
ta
by
At
om
ic
Ab
so
rp
ti
on
.
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 TA
BL
E
5.
1—
“
HE
AV
Y
ME
TA
L
CO
NC
EN
TR
AT
IO
NS
IN
WA
TE
RS
OF
TR
IB
UT
AR
IE
S
TO
LA
KE
MI
CH
IG
AN
 
1 a
Pp
b
(H
g/
L)
No
.
In
fo
rm
at
io
u
Da
te
St
at
io
ns
Sa
mp
le
s
As
Cd
Cr
Co
Cu
Pb
Hg
M0
N1
Sq
’A
g
V
Zn
Su
ur
cc
l
v4
19
71
16
ri
ve
rs
(b
)(
d)
5
-
-
.a
-2
2
—
1.
5—
10
—
—
1.
8—
3]
2.
8—
A1
—
—
—
1.
5—
1o
.8
15
7
(See
Tabl
e 5.
1—5)
19
71
(7
)
21
tr
ib
ut
ar
ie
s(
c)
—
—
.1
—6
—
—
.1
—6
-
.2
-1
0
—
~
.1
—9
.3
—7
-
13
8
(Se
e T
abl
e 5
.1—
6)
19
74
—7
7
Be
rs
ie
Ri
ve
r,
MI
5
<I
—.
A
.1
—2
—
—
2—
9
(d
)
Cr
ys
ta
l
La
ke
Tw
p.
,
,
-
13
—3
1(
d
13
—
19
73
—7
7
RI
ac
k
Cr
en
k,
MI
5
<1
w2
1—
3
—
—
z—
b
’
Eg
el
st
on
Tw
p
19
74
—7
7
Es
ca
na
ba
Ri
ve
r,
MI
4
<.
2—
l
.4
—2
—
—
1—
4
2—
8
.l
—.
4
—
6—
1)
<1
Co
rn
el
l
Tw
p.
19
74
—7
7
Es
ca
na
ba
Ri
ve
r.
MI
A
<.
2-
l(
d)
.4
—2
—
~
Q
6—
7
.2
—.
&
-
10
—2
4(
d)
Well
s Tw
p.
2
8
2
19
75
-7
7
Gr
an
d
Ri
ve
r,
M1
3
<1
—3
(d
)
.5
—3
-
—
3—
5
2—
18
<.
2
-
24
—3
2
<2
(1
—
10
13
5
\
Ada
Twp
.
19
73
—7
7
Gr
an
d
Ri
ve
r,
MI
36
2—
a
<.
1—
12
—
—
2—
10
0
<1
—2
10
<.
2—
1.
2
—
<s
—1
70
«1
~s
—3
-
2—
12
0
13
3
Del
ta
Twp
.
19
71
—7
7
Gr
an
d
Ri
ve
r
10
<1
—2
<.
1—
2
2—
3
—
a-
32
(d
)
Wat
er
Wor
ks
Intake
<1
—1
e
<.
2—
1.
7
—
20
—A
2
<2
«1
—:
—
11
—3
;
13
3
 
19
73
—7
7
Gr
an
d
Ri
ve
r
14
<1
—4
(d
)
1—
3
—
—
A—
28
3—
27
<.
2—
.1
—
32
—3
4
Gr
an
dv
il
lc
,
WI
.
 
4‘;
u
V'
.
 
 
2
8
3
  
I
T
A
B
L
E
5
.
1
—
4
C
O
N
T
D
HEA
VY
MET
AL
CON
CEN
TRA
TIO
NS
IN
WAT
ERS
OF
TRI
BUT
ARI
ES
T0
LAK
E M
ICH
IGA
N
ppb <ug/2)a
No.
Inf
orm
ati
on
Dat
e
Sta
tio
ns
Sam
ple
s
As
Cd
Cr
Co
Cu
Pb
Hg
Mo
Ni
Se
V
Zn
Sou
rce
 
197
3-7
7
Gra
nd
Riv
er
11
2-A
(d)
4—6
—
—
8—1
7
13-
47
<.2
—.2
—
20—
A2
<2
Rive
s Tw
p.
—
11
-3
4
135
197
4—7
7
Gra
nd
Riv
er
72
—
<.1
-16
—
—
<1—
75
<l—
l70
—
—
<5—
110
<2
—
—
<1—
190
135
Winds
or Tw
p.
197
3-7
7
Kal
ama
zoo
Riv
er
11
<l—
2
.2—
5(d
)
—
-
8-1
8
2—2
2
<.2
—1
-
21—
29
<2
<1-
1(d
)
—
16—
270
135
Coo
per
Twp
.
197
5—7
7
Kal
ama
zoo
Riv
er
5
<1—
2
.1—
3
—
—
6—1
3
<l—
l9
<‘1
—.5
—
24-
26
<2
<1
—
10—
12
135
Co
ms
to
ck
,
MI
197
3—7
7
Man
ist
ee
Riv
er
5
-
-
—
—
2—3
—
—
—
—
<2
<1—
2(d
)
—
—
135
Ma
ni
st
ee
,
MI
197
4—7
7
Man
ist
iqu
e
Riv
er
4
<1—
.2
<.l
—l
—
—
<l—
3
<1—
10
<.l
—.3
—
5—7
<l—
1(d
)
<1-
9
—
8—2
8
135
Ge
rm
fa
sk
Tw
p.
l97
4~7
7
Men
omi
nee
Riv
er
A
<1—
1
1—4
-
-
2—2
5
.
Mel
len
Twp
.
197
3—7
7
Mos
qui
to
Cre
ek
7
1
.5—
3
-
—
1—3
2—3
0
<.2
—.2
—
17—
18
<2
<1
-
10—
24(
d)1
35
Mus
keg
on
Twp.
(d)
(d)
19
73
—7
7
Mu
sk
eg
on
Ri
ve
r
6
<1
—2
.5
—2
-
-
<1
_4
Muskeg
on Twp
.
3—1
3
<.1
—.2
—
10—
14
<2
<1
—
4-5
2
135
197
5-7
7
Per
e M
arq
uet
te
R.
4
<1—
l
1—2
—
—
<1—
2
4—1
0
<.1
—.8
—
10-
12
<2
<1
—
4—1
0
135
Cu
st
er
Tw
p.
197
4—7
7
Per
e M
arq
uet
te
R.
5
<l—
l
1—2
—
—
<l—
2
3-1
1
<.l
—.3
—
14-
22
<2
<1
—
8—7
2
135
Per
e M
arq
uet
te
Twp.
 
 Date
1975—
1975-
1
1973—
1973—
1973—
TAB
LE
5.1
—4
CON
T'D
HEAVY ME
TAL CONC
ENTRATIO
NS IN WA
TERS OF
TRIBUTAR
IES TO L
AKE MICH
IGAN
ppb
(Hg
/2)
a
Inf
orm
ati
on
Sou
rce
No.
Statio
ns
Sample
s A
s
Cr
Co
Cu
Pb
Mo
Se
Zn
77 Plat
te River
3 <l-
.2
<l—8
<2
<1
-
135
Homestead Twp.
77 Plat
te River
3 <l—
.2
1—3 <
1—13(d)
<2
<1
-
135
Inland Twp.
77 Rabb
it River
6
3—l6(d)
2—19
15-22
<2
14—120
135
Hopki
ns Tw
p.
<1
—2
77 St.
Joseph R
iver 5
<l—2(d)
9—10 <
l—26
ZZ—ZA
<2
<1
- 16
—17
Bertrand Twp.
77 Whit
e River
5
(d)
2-12
12—11.
<-2 <
1-1(d)
— 4
~l60
Whiteh
all Tw
p.
<1-2
b.
)
(a)
(b)
(c)
(d)
"total" unle
ss otherwise
specified
range of mea
ns for the
16 rivers
range of upp
er limit co
ncentrations
dissolved fraction
 
m
’
 
SOLUBLE ELEMENTS FOUND IN WATER SAMPLES FROM
THE MOUTHS OF LAKE MICHIGAN TRIBUTARIES (137)
TAB
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5.1
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m-vnlmt
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0001110101
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6.9
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0
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0.3
0
.
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3
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4
6
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0.2
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0
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0
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0
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3
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0.6
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DATE
.1968
1971
1972
 
1962—63
1963
1965
1968
1970—71
1971
1976
1976
TABLE 5.1—7
ORGANIC CONTAMINANT ANALYSES
SAMPLING
SITE
8 km west of
Ludington and
25 km west of
Saugatucku
open waters
nearshore waters
0.5 km from shore
16 samples
vicinity of:
— Ahnapee River
— East Twin River
— Menominee River
- Oak Creek
— Calumet River
— Galien River
— Paw Paw River
— Pentwater River
within Indiana Harbor
Indiana Harbor Canal
(12 samples)
Adjacent to Indiana
Harbor
Mouth, Milwaukee River
Indiana Harbor
Chicago South Water
Filtration Plant
1033 inshore samples
Kenosha to North
Chicago — nearshore
Chicago South Water
Filtration Plant
Vicinity of Chicago
(Lake Michigan)
Beaver Island
"1rlllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
/
LAKE MICHIGAN WATERS
COMPOUNDS FOUND INFORMATION
AND CONCENTRATIONS SOURCE
DDT, 0.002 ug/L 129, 131
DDD, 0.001 ug/L
DDE, 0.0005 ug/L
Dieldrin, 0.001 ug/L
PCBs, <0.01 ug/L 131
PCBs, <0.01 ug/L
131
PCBs, <0.01 ug/L
PCBs, 0.051 ug/L
PCBs, 0.020 ug/L
PCBs, 0.015 ug/L
PCBs, 0.027 ug/L
PCBs, 0.056 ug/L
PCBs, 0.015 ug/L
PCBs, 0.028 ug/L
PCBs, 0.012 pg/L
Phenols, average 33 ug/L 131
Phenols, average 159 Ug/L
Phenols, average 3.1 ug/L
Phenols, average 5-8 ug/L 131
(Phenols, average 15 ug/L 131
Phenols, 20% samples >3 ug/L
Phenols, average 2 ug/L 131
Phenols, in 93% <1 Ug/L 131
of 232 samples
Phenols, 11% samples >3 ug/L 131
PCBs ' .04 Ug/L 140
PCBs .030 ug/L 140
287
 TABLE 5.1-8
ORG
ANI
C C
ONT
AMI
NAN
T S
URV
EY
OF
LAK
E M
ICH
IGA
N N
EAR
SHO
RE
WATE
RS<a
>
ORGANICS SOUGHT AND ANALYTICAL DETECTION LIMITS (Hg/L)
Aldr
in:
0.01
Silv
ex:
1.0
Diel
drin
:
0.02
Endr
in:
0.02
o,p—
DDT:
0.01
Hept
achl
or:
0.02
P,
P—
DD
T3
0-
01
Li
nd
an
e:
0.
05
Dibutyl phthalate Methoxychlor: 5
(DBP): 1.0
PCBS: 0.3
Die
thy
lhe
xyl
_
phth
alat
e (D
EHP)
: 1
.0
ArOC
lor
1242
’
0'1
T
o
x
a
p
h
e
n
e
:
.
A
r
o
c
l
o
r
1
2
5
4
:
0
.
1
Chl
ord
ane
:
0.1
Aro
clo
r 1
260:
0.1
2,4—D: 5
ORGANICS IN EXCESS OF ABOVE
SAM
PLI
NG
NO.
SAM
PLI
NG
DET
ECT
ION
LIM
ITS
,
CON
CEN
TRA
—
DAT
ES
SAM
PLE
S
SIT
E
TIO
NS,
AND
DAT
ES
NOT
ED
197
4—7
7
6
Gra
nd
Riv
er
Mou
th,
non
e
Grand Haven, MI
19
75
—7
6
4
Wa
te
r
In
ta
ke
,
DB
P
—
1.
3
ug
/L
(OI
/76
)
Ho
ll
an
d,
MI
DE
HP
-
1.
5
ug
/L
(01
/76
)
197
4—7
6
3
Man
ist
ee
Riv
er
Mou
th,
non
e
Manistee, MI
19
74
—7
6
5
Gr
ee
n
Ba
y,
no
ne
Menominee, MI
19
74
—7
6
4
Mu
sk
eg
on
Ri
ve
r
Mo
ut
h,
DE
HP
-
3.
0
ug
/L
(05
/74
)
Mu
sk
eg
on
,
MI
—
2.
4
Ug
/L
(06
/76
)
19
75
-7
6
4
Wa
te
r
In
ta
ke
,
DE
HP
-
1.
7
ug
/L
(0
7/
76
)
St. Joseph, MI
197
6—7
7
4
Kal
ama
zoo
Riv
er
Mou
th
non
e
Saugatuck, MI
197
4—7
7
4
Boa
rdm
an
Riv
er
Mou
th
DEH
P
Traverse City, MI
2.0 ug/L (07/74)
(a)
Inf
orm
ati
on
pro
vid
ed
by
Mic
hig
an
Dep
art
men
t o
f
Nat
ura
l
Res
our
ces
288
 
 TABLE 5.1-9
ORGANIC CONTAMINANT CONCENTRATIONS IN WATERS OF
TRIBUTARIES TO LAKE MICHIGAN(a)
ORGANICS SOUGHT AND ANALYTICAL DETECTION LIMITS (Hg/L)
 
Dib
uty
l p
hth
ala
te
End
rin
:
0.0
2
(DEF
):
1'0
Hep
tac
hlo
r:
0.0
2
Die
thy
lhe
xyl
,
.
pht
hal
ate
(DEE
P):
1
Lln
dan
e'
0'0
5
Tox
aph
ene
:
1.0
V Me
tho
xyc
hlo
r:
0.0
5
Chlo
rdan
e:
0.05
PCBS
:
0'1
2,4_
D:
0'0
5
Die
ldr
in:
0.0
001
Sil
vex:
0.5
Aro
clo
r 1
254:
0.0
1
DDT: 0.001
ORGANIC CONTAMINANTS FOUND,
STATION SAMPLING DATES CONCENTRATIONS AND DATE
Gra
nd
Riv
er,
197
5—7
6
DEH
P —
1.5
Ug/
L (
10/7
5)
Grand Rapid Waterworks
Pla
tte
Riv
er,
197
2
DDT
— 0
.00
3 u
g/L
(11/
72)
Hom
est
ead
TWP
Aro
clo
r 1
254
— 0
.01
5 u
g/L
(ll/
72)
Pla
tte
Riv
er
197
2
DDT
— 0
.00
1 p
g/L
(12/
72)
Inland TWP
(a)
Sta
te
of
Mic
hig
an
Dep
art
men
t
of
Nat
ura
l
Res
our
ces
289
Site Number
1.
\
O
O
J
N
O
N
U
I
b
b
J
N
H
H
H
H
w
N
H
0
NOTE:
 
5.1-10
TABLE
SAMPLING SITES IN LAKE MICHIGAN "BASIN"
FOR STUDY BY EWING AND CHIAN (l8)
Sitg
West Side Sewage Treatment Plant (effluent)
Chicago Central water works (untreated and treated)
Calumet — Sag Channel (midstream)
Chicago Sanitary & Ship Channel
North Side Sewage Treatment Plant (effluent)
Calumet Sewage Treatment Plant (effluent)
South West Filtration Plant (treated)
Indiana Harbor
Calumet River
Grand River
Cecil Bay
Fox River, Green Bay
Milwaukee River
Within this study "the sites were chosen in such a way that the
concentrations of organic and inorganic contaminants in the collected
water samples would be affected by industrial pollutants and so that
all principal types of industry would be represented.”
Some of the sampling sites such as site #4 are not in the "Lake
Michigan Basin."
These sites are, however, at a very close proximity
to the Basin, and compounds detected at these sites certainly have the
potential to enter the Lake Michigan Basin. If the compounds are
industrial pollutants, they may for example, be present in air emissions.
Furthermore, most of the compounds identified within the Lake Michigan
Basin (i.e. site #2), are found in sites near the boundary of the Basin
(site #4).
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2
9
1
TAB
LE
5.1
-11
LIST
OF V
OLAT
ILE
COMP
OUND
S OB
SERV
ED I
N 13
SITE
S
IN THE
LAKE M
ICHIGA
N BASI
N
Conce
ntrat
ions
(pg/L)
 
COMPOUND/SITE(a)
l
l
1
2
1
3
Ac
et
on
e
Ace
top
hen
one
Ben
zen
e
Bromob
enzene
l—br
omo-
l-ch
loro
etha
ne
l-Z—
brom
o—ch
loro
etha
ne
Bro
mo-
dic
hlo
rom
eth
ane
But
ane
Butene
CSHS
O or
C6H1
20
05H
100
or
C6H
120
Chl
oro
ben
zen
e
Chl
oro
for
m
Cyc
lop
ent
ane
Dib
rom
o-c
hlo
rom
eth
ane
Dibrom
oethan
e
Dich
loro
benz
ene
1.2
Dich
loro
etha
ne
Dichloroethane
Dich
loro
ethy
lene
Dichloromethane
Dich
loro
prop
ane
Diethy
l Ethe
r
2-9
1-
4
5—30
2—4
l—2
1—100
10
2
0
10
TABLE
5.1—11 CONT'D
 
Concentrations (pg/L)
 
COMPOUND
l
2
3
4
5
6
7
8
9
Diisopropyl Ether
l
Dioxane
1
1
1
Ethylbenzene
4
1—2
1
Fluro—dichloro-bromomethane
1
Furfural
2
Heptene
1
Hexane
4—10
10
1—12
12
Hexene Isomers
1
Hexene
5
2
2
4
Methyl ethyl dioxolane
1
Methyl—isobutyl ketone
l
2
Methyl methacrylate
10
Methyl—tetrahydrofyran
2
2
9
2
Neopentane
2
‘
Nonene
1
Pentane
6—9
2—8
1—10
10
6
l
Pentene Isomer
1-9
Pentene
1
1
Tetrachloroethy1ene
1—2
1
1—4
1—4
4
Tetrahydrofuran
1
1
1
1
b
Tetrahydropyran
2—3
N
I
r
—
i
m
I
,
_
4
(
‘
4
1—2
2
Trichloroethane
A
1
1
1
8
Toluene
 
W
M
O
N
H
Q
’
1,1,1—Trich10roethane
3
Trichloroethylene
4—5
2—10
1—5
4—6
10
Trichloro—fluoromethane
3—4
6—12
20
20
5
1
1
\
O
N
G
Trifluoro—trichloroethane
3
1
1
Trichloro—trifluoroethane
5.
2—30
3
(a) see Tab1e 5.1—10 f
or site designations.
*implies that acetone in concentrations between 1 and 2 ng/L was observed at site 1
(see Table 5.1—10, where site 1 is the West Side Sewage Treatment Plant)
2
9
3
TABLE 5.1—12
LIST OF A
CID—EXTR
ACTABLE
COMPOUNDS
OBSERVED
IN 13 SITES
IN THE LAKE M
ICHIGAN BASI
N
Concentrations (ug/L)
COMPO
UND S
ITE
1
2
3
4
S
6
7
8
9
10
ll
12
I3
 
Alco
hol
Alco
hol
Alco
hol
Alcohol
Alco
hol
Alcohol
Alco
hol
Alcohol
Alco
hol
Alcohol
O
H
C
h
H
H
N
H
(
“
Q
r
-
I
I
—
i
L
A
O
r
-
(
I
—
i
U
O
O
U
U
U
U
U
U
H
r
—
i
r
—
(
Q
M
M
N
N
v
—
Q
H
l
\
H
C18
(C1
8H1
2
Butyl
benzy
l Pht
halat
e
2
A
Butyl
Phthaly
l Buty
l Glyc
olate
48
) Benzanthrene 1
Camphor
8
ClOHlO
Isomer
l
C16
H10
Cl6HlO (
Pyrene)
l
Dibutyl
Phthala
te
14
l
3
Diethyl
Hexyl
Phthala
te
14-23
1-2
6-85
1—38
7
137
l
l
5
2
Isomer
1
Fatty A
cid Me
thyl E
ster
5
Fatty
Acid
Methy
l Est
er
C = 12
10—22
4
Fatty Acid M
ethyl Ester
C 3 12
1
Fatty Acid M
ethyl Ester
C 3 13
1
Fatty Aci
d Methyl
Ester
C = 14
7 1
Fatty Aci
d Methyl
Ester
_
C > 14
12 20-21
1—2 31
2
Fatty Acid Methyl Ester
c 3_14 + Methyl
Pentachlorophenyl Ether
24(mix) 25(m
ix)
Fatty Acid Methyl Ester
C 3 15
2
Fatty Acid Methyl Ester
C 3_15 + Methyl
Pentachlorophenyl Ether 8(mix)
 
 i
f
TA
BL
E
5.
1—
12
CO
NT
'D
Concentration
s (ug/L)
vm A V
A A_“
74,l_ll___l_.
_l_
3
4
5
6
7
8
9
10
ll
12
l}
 
COM
POU
ND
l
2
Fat
ty
Aci
d M
eth
yl
Est
er
C >
16
4-1
2
3—9
7
l9
Fatt
y A
cid
Meth
yl
Este
r
C >
18
10
34
23
Fatt
y Ac
id M
ethy
l Es
ter
C >
19
4
Fatt
y A
cid
Meth
yl
Este
r
C >
20
11—
32
1
2‘3
3
1-2
8
Fatt
v A
cid
Meth
yl
Este
r
C >
21
4
Fatty
Acid
Methyl
Ester
C >
22
6—15
2
1—35
Fatty
Acid
Methy
l Est
er
C i 22
+ Meth
yl
Dehyd
roabi
etate
90(mi
x)
Fat
ty
Aci
d M
eth
yl
Est
er
C 1
24
1
52
2—6
Fat
ty
Aci
d
Met
hyl
Est
er
C 3
26
2
l4
1
16
‘
Hyd
roc
arb
on
C
18
Hyd
roc
arb
on
C 3
718
+ M
eth
yl
-2(
4—c
hlo
rop
hen
oxy
)
but
ano
ate
10(
mix
)
20
l
22
1—1
8
24
20
Hyd
roc
arb
on
C
A
I
2
9
4
Hyd
roc
arb
on
C
A
|
A
|
/
\
Hydr
ocar
bon
C i
Hydroca
rbon C
:
Hydroca
rbon C
A
L
Hyd
roc
arb
on
C 2
30
20
Met
hyl
Ara
chi
dat
e
Z7
25
Meth
yl—2
(4—c
hlor
ophe
noxy
)
But
ano
ate
ll
l
10
l
4
Met
hyl
Deh
ydr
oab
iet
ate
4—3
7
15
Meth
yl
Dich
loro
phen
yl
Ethe
r
Mat
hyl
-Z—
eth
yl
hex
ano
ate
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
Meth
yl M
yris
tate
9—24
1—2
2
2-5
6
18
Meth
yl
Palm
itat
e
45—9
4
1—5
3—81
6—61
104
117
1
2—31
1
' 3
1
Meth
yl P
enta
chlo
roph
enyl
Ethe
r
3
43
1—10
26
Meth
yl
Stea
rate
43—1
31
1—11
3-79
8—56
180
173
2—5
1
1
6
Methy
l Tet
rachl
oroph
enyl
Ether
5
Methy
l Tr
ichlo
rophe
nyl
Ether
1-14
12
10
Terpene
C15
C10
Terp
ineo
l
l
10
7
15
C15
Terpi
neol
6—21
104
8-9
8
l
4
 
2
9
5
TABLE 5.1-13
LIST OF BASE-EXTRACTABLE COMPOUNDS OBSERVED
IN THE LAKE
MICHIGAN BAS
IN
Concentrat
ions ﬁg/L)
COMPO
UND
1
2
3
h
5
6
7
8
9
10
ll
12
13
Alkyl Acid
Ester (R + R
1
Benzy
lbuty
l Pht
halat
e
1
Butyl
Phtha
lyl B
utyl
Glyco
late
3
Ca
ff
ei
ne
1-
2
Campho
r
TR
TR
TR
TR
TR
TR
TR
TR
TR
> 8)
1
2
N
v
-
4
\
‘
T
C16H1
0 (Py
rene)
l
c18H12
Dibr
omo—
chlo
roet
hane
14
Dibro
moeth
ane
6
Dibut
yl Ph
thala
te
1
1
l
4
1
Dichlo
robenz
ene
4-18
1
16
Dichlo
robenz
ene Is
omer
1
Dichlo
robuta
ne
\\
2
Diéih
oxyet
hane
3
4-5
4
1-2 D
ietho
xyech
ane
2
Diethy
l Hexy
l Phth
alate
1
1-7
1—3
1
2—4
1
l
l
Diethy
l Phth
alate
4
Diisob
utyl P
hthala
te
l
Dimethyl Biphenyl 1
Hydrocar
bon C 3
16
l
1
Hydrocar
bon C 3
18
l
22
l
l
Hydrocar
bon C
24
1
‘
Hydroc
arbon
C 3 28
1
Naphthal
ene (IS)
TR
TR
TR
TR
TR
TR
TR
TR
TR
Terpin
eol
1
2
1
1-4
-
4
>
Terpineo
l C
3
1
1—2
1
0
Terpeneo
l C15
1
2-3
1
Tetrachloroethane
2
Hydrocarbon C
A
l
A
|
Tetrachl
oroethyl
ene
2—11.3
2-3
Unidentified Phthalate 3
Xylene
l9
 
 Data on Sediment Quality
Heavy Metals
Table 5.2—1 summarizes data on heavy metal concentrations
in Lake Michigan sediments. The initial data in the
table was obtained from the Argonne National Laboratory
publication on the chemistry of Lake Michigan (131). In
addition, the results of EPA's Lake Michigan Harbor
Sampling Program (141) and the Michigan Department of
Natural Resources studies on sediment quality (142) are
included. Table 5.2—2 shows the harbors in Lake
Michigan which have been designated by U.S. EPA Region
V as heavily polluted (143). Sediments designated as
such by Region V, if dredged, generally cannot be
disposed in the open waters of the lake.
Fitchko and Hutchinson (31) analyzed the heavy metal
concentrations in outlets sediments of Lake Michigan
tributaries and the results are shown in Table 5.2—3.
The PLUARG studies have evaluated the metal concentra—
tions in soils and bottom and suspended sediments in
the Menomonee River watershed (144), and the results
are given in Table 5.2—4. Leland (134) evaluated the
composition of suspended matter in offshore waters of
Lake Michigan (Table 5.2—5).
Organic Contaminants
Concentrations of organic compounds found in Lake Michigan
sediments are shown in Table 5.2—6 to 5.2—8. PCBs,
dieldrin and DDT have been detected, with high concentra—
tions (>1 ppm) of PCBs detected at the Manistique
River Harbor (145), the mouth of the Escanaba River
(145), Fox River (127) and Milwaukee Harbor (127).
PLUARG in 1978 estimated the average lakewide PCB
concentration to be 38.2ng/kg (9).
A s
pec
ial
stu
dy
by
the
U.S
.
FDA
(15
8)
ind
ica
ted
hig
h l
eve
ls
of
PCB
s
and
Pyd
rau
l
50E
(a
sub
sti
tut
e
for
PCB
s)
in
a s
edi
-
men
t
sam
ple
col
lec
ted
in
the
vic
ini
ty
of
the
Out
boa
rd
Marine Co. outfall in Waukegan Harbor.
Tab
le
5.2
-9
sho
ws
the
res
ult
s
of
a
stu
dy
(16
8)
whi
ch
att
emp
ted
to
eva
lua
te
the
rel
ati
ons
hip
bet
wee
n
org
ani
c
car
bon
and
tra
ce
ele
men
ts
in
Lak
e
Mic
hig
an
sed
ime
nts
.
SAMPLE
DATE
1970
1972
19
72
19
72
19
72
19
71
1974
1971
2
9
7
19
72
19
72
1971
1971
1970
1970
SAM
PLI
NG
STA
TIO
N
OR
DES
IGN
ATI
ON
Sout
heas
t B
asin
(su
rfi
cia
l
sed
ime
nts
)
Sout
hwes
t B
asin
(su
rfi
cia
l s
edi
men
ts)
La
ke
wi
de
Gr
ee
n
Ba
y
Sou
thw
est
Bas
in
TABLE 5.2—1
SUMMAR
Y OF D
ATA ON
HEAVY
METAL
CONCEN
TRATIO
NS
IN LAKE MICH
IGAN SEDIME
NTS
NUM
BER
SAMPLING
C O
N C
E N
T
R A
T 1
40
N
 
SITES
MERCU
RY L
EAD
Southern Basin (surfic
ial sediments)
So
ut
he
rn
Ba
si
n
(b
ac
kg
ro
un
d)
Sou
the
rn
Bas
in
>15
cm
dep
th
Gre
en
Bay
(se
len
ium
)
Lak
ewi
de
(si
lve
r)
11
sa
mp
le
s
8
sa
mp
le
s
Sou
thw
est
Bas
in
(B
ro
wn
si
lt
fa
ci
es
)
(t
op
2—
3
cm
)
Sout
hwes
t B
asin
(Gr
ay
Si
lt
fa
ci
es
)
(to
p 2
—3
cm)
Southe
rn Bas
in
(See Table 5.2-9)
Southern Basin
(See Table 5.2—10)
2
3
.03—.06
21
/
l9
ZIN
C
NIC
KEL
123
(3
1-
28
2)
231
(3
1—
28
2)
/ /
— 7
p p
m
d r
y
w e
i g
h
t
 
1
9
N.
D.
—6
ARS
ENI
C
CAD
MIU
M
CHR
OMI
UM
COP
PER
OTH
ER
6-
80
INF
ORM
ATI
ON
SOURCE
13)
131
167
168
 
  
TABLE 5.2-1 CONT'D
LAKE MICHIGAN SEDIMENTS - METAL ANALYSES
NUMBE
R
C O N
C E N
T R A
T I O
N —
p p m
d r y
w e i
g h t
SAMPL
ING S
TATIO
N
SAMPL
ING
"
a-
-<
a
A-Mgig
a
INFOR
MATIO
N
DATE
0R DE
SIGNA
TION
SITES
MERCU
RY
LEAD
ZINC
NICKE
L
ARSEN
IC
CADMI
UM
CHROM
IUM
COPPE
R
SOURC
E
  
1974
Manist
ee Har
bor
6
<.l
14-58
9-47
11-35
<1
3—6
<2—ll
1-19
141
1974
Muskeg
on Har
bor
4
<.l
19-36
6~9
13-17
<2
<.2-l
<2
<l-4
141
1974
Pentwa
ter Ha
rbor
4
<.1
22—60
8—12
12—27
<1
<.2—4
<2
<l—IO
141
1976
Vicinity
— Galien
River,*
2.5—15
m (dep
th)
4
<.Ol—.
O3
3—7
7—18
5—9
—
<.l
1—2
7—1.2
142
20 m
3
.Ol—.03
14—16
43—5A
9—10
1976
Vicinity
— South
Haven*
4—15
m
4
<.Ol
—.02
5—7
11—1
5
6—8
—
<.l
2—3
1—2
141
30 m
3
5—7
8—25
51—59
6—9
—
.4—.7
6—9
5—7
54 m
3
40-5
0
42—1
30
190—
240
32—3
9
—
1.2—
1.8
32—4
0
40—5
0
2
9
8
1976
Vici
nity
— St.
Jose
ph R
iver
*
6—15
m
4
<.01
—.03
2—3
8—16
4—6
—
<.1
1—3
1—2
1
30 m
3
.05—.
06
32—33
120—1
30
14-15
—
.A—.5
16—18
14—15
5
1
q
1976
Vici
nity
Kala
mazo
o Ri
ver*
5—15
m
4
<.Ol
—.O3
3—4
8—12
4—5
<.I
2
.8—1
1
30 m
3
.02-
.O6
16—3
4
46—7
0
7-12
—
.3—.5
8—12
6—9
"
1
\
T
1976
Vici
nity
— Gr
and
Rive
r*
7—16
m
4
<.Ol
—.Ol
2-3
8—10
4—5
—
<.l
2
.7—1,
2
I
30 m
3
.04—
.06
33—37
56—6
7
16—1
8
.6—.8
10-1
4
8—9
”
I
\
*
2
9
9
 
DA
TE
SAM
PLI
NG
STA
TIO
N
0R
DES
IGN
ATI
ON
NUM
BER
SAMP
LING
SITES
TAB
LE
5.2
-1
CON
T'D
LAK
E
MIC
HIG
AN
SED
IME
NTS
— M
ETA
L
ANA
LYS
ES
 
C
O
N
C
E
N
T
R
A
T
I
O
N
-
P
P
m
d
r
y
w
e
1
g
h
t
 
ME
RC
UR
Y
LE
AD
ZI
NC
NI
CK
EL
AR
SE
NI
C C
A
D
M
I
U
M
CH
RO
MI
UM
CO
PP
ER
INFOR
MATIO
N
SOU
RCE
 
19
76
19
76
19
76
19
76
19
76
19
76
1976
Vi
ci
ni
ty
-
Mu
sk
eg
on
La
ke
*
7
-
1
5
m
30
m
Vi
ci
ni
ty
—
Wh
it
e
La
ke
*
7-
15
m
3
0
m
Vi
ci
ni
ty
-
La
ke
Ma
ca
ta
wa
*
7-1
5 m
3
3
m
Vi
ci
ni
ty
-
Pe
re
Ma
rq
ue
tt
e
Ri
ve
r*
8-
28
m
Vi
ci
ni
ty
8—3
0 m
4
5
m
Be
ts
ie
La
ke
*
Vi
ci
ni
ty
-
Ma
ni
st
ee
Ri
ve
r*
8—
15
m
3
1
m
Vi
ci
ni
ty
-
Na
ub
in
wa
y
Co
nt
ro
l*
8—1
8 m
lo
ca
ti
on
@
18
m
<.
Ol
-
.0
1—
.0
1-
<.Ol-
(.
01
—
<.01—
<.
01
-
<.
Ol
—
.
0
3
-
<.
01
-
.03
.0
3
.0
3
.03
.06
.0
2
.02
.0
1
.05
.0
7
.0
1
.0
1
2—3
35
-4
6
1
6
—
1
8
2-
4
28-
29
.4
-3
3
-
1
2
.2
-2
7-
10
7-
12
21
7-9
57
—6
4
30—
36
7~12
44-
46
5-
12
3—
7
8-19
3—
4
10—
17
11-
31
110
20
-2
2
-
3
—
4
8—
11
—
5-
7
-
16
-2
0
-
5-
13
23
<.
l
<.l
-.3
<.l
.4-
.7
<.
l-
.3
<
.
1
9-
10
1—2
2—7
12
.5
-.
8
7—
8
.6-
.7
.4—
l.2
2—
3
2—
4_
11
1A2
142
14
2
14
2
14
2
14
2
 
3
0
0
 
TABLE 5.2—1 CONT'D
LAKE MICHIGAN SEDIMENTS — METAL ANALYSES
NUM
BER
CO
NC
EN
TR
AT
IO
N—
pp
m
dr
y
we
ig
ht
SAMP
LING
STAT
ION
SAMP
LING
—~—
-r—
w—~
A4-
~ge
m—w
rug
g -A
AAAA
AV-m
uw
4
INFO
RMAT
ION
DATE
OR D
ESIG
NATI
ON
SITE
MERC
URY
LEAD
ZINC
NICK
EL
ARSE
NIC
CADM
IUM
CHRO
MIUM
COPP
ER
SOUR
CE
 
,
Mi
1
_
1414.
“, V
A 411
‘“ I
444141
44
41 1
1111
N
1976
Vicini
ty — M
anisti
que Ri
ver*
6 m
4
.01—.O
6
6—46
10—66
3—18
<.l—1
2—8
2—4
1
15—34
m
6
<.01—.
02
<.2—4
2—10
<1—4
—
<.1—.7
.4—1
.l—.9
"
J
q
1976
Vici
nity
— Me
nomi
nee
Rive
r*
6—17
m
.01—
.09
3—12
15—3
2
6—12
—
<.l—
.5
3-5
2—7
1
34 m
3
.03-.
O7
13—24
38—11
0
22—14
0
—
.5—4
8—15
9—14
{
‘
1
q
q
1976
Vici
nity
— Es
cana
ba R
iver*
6 m
1
.2
9
38
7
—
<.1
A
15 m
3
.1—.2
110—
190
260—
350
36—6
5
—'
2—3
35—5
2
48—7
1
26 m
3
.Ol—.
03
4—12
10—22
3-9
—
<.1—.
4
3-10
2—8
"
J
4FI
\
1976
Vicin
ity —
Cedar
River
*
Big
Bay,
DeN
oc
6—17
m
4
.Ol-.
04
9—13
0
10—7
9
5—24
—
.2—1.
l
4—13
2—6
143
29 m
3
.03—.
05
13—2
0
88—1
10
54—1
10
—
1-3
12—21
11—14
*
re
fe
rs
to
de
pt
h
of
wa
te
r
co
lu
mn
ab
ov
e
se
di
me
nt
.
Harbor/Year Samgled
Waukegan, IL/1976
Pensaukee, WI/l977
Port Washington, WS/1977
Indiana Harbor, IN/l977
Holland, MI/l977
New Buffalo, MI/1977
Sheboygan, WS/1977
(outer harbor)
Fox River, WS/l977
Algoma, WS/1977
Kenosha, WS/l977
Harbor
(Designated Heavileroll
Great Lakes Training Bas
Harbor
(Designated Heavily Poll
Michigan City, IN
St. Joseph, MI
Marinette, WI: Menominee
Great Lakes Training Bas
Harbor
(Designated Heavily Poll
Michigan City, IN
Calumet Harbor, IL
Great Lakes Training Bas
Marinette, WI — Menomine
Burns Water, IN
St. Joseph, MI
U.S.
TABLE 5.2—2
EPA REGION V ANALYSES OF SEDIMENTS
IN LAKE MICHIGAN HARBORS
uted re: Hg)
e, IL
Cd)uted re:
, MI
e, IL
As)
uted re:
e, IL
e, MI
TOTAL PCBS
(mgikg dry weight)
 
LOW HIGH
0.1 16,400
<2 <2
<2 <2
.04 25.7
<.01 .62
<.01 .10
.06 .32
.67 11.56
<.02 .84
.07 .71
Mercury (mg/kg) # Values
(1975—76) >1 mg/kg
2-14 5
Cadmium (mg/kg) # Values
(1975—76) >6 mg/kg
6.3—81.0 11
7—10 6
9 1
31 l
Arsenic (mg/kg) # Values
(1975—76) >8 mg/kg
9—14 7
9—23 7
11—120 6
10—87 3
10—12 3
12 l
301
(a)
 TABLE 5.2-2 CONT'D
Harbor
(Designated Heavily Polluted re: Pb)
Calumet Harbor, IL
Michigan City, IN
St. Joseph, MI
Manitowoc, WI
Great Lakes Training Base, IL
Two Rivers, WI
Sheboygan, WI
Port Washington, WI
Frankfort, MI
Sturgeon Bay, WI
Ludington, MI
Kewaunee, WI
Marinette, WI: Menominee, MI
a) number of samples within which quantities were greater than the value
Lead (mg/kg)
(1975—76
65—280
90—360
65—190
63—269
136—375
85—200
115-220
62-68
66—68
95—110
62
70
74
indicated. The total number of samples were not reported.
ﬁjﬁggee
>60 mg/kg
13
ll
H
H
H
N
N
U
J
D
®
O
O
K
O
K
O
3
0
3
T
A
B
L
E
5
.
2
-
3
Con
sen
tra
tio
n o
l h
eav
y m
eta
ls
in
out
let
sed
ime
nts
of
Lak
e M
ich
iga
n t
rib
uta
rie
s.
 
Con
cen
tra
tio
n (
ppm)
(ppb
)
 
Sit
e
Pb
Ag
Cd
Co
Cu
Cr
Ni
Zn
Mn
Hg
N
(
\
1
(
‘
1
'
?
34
40
13 <10
27 30
49 20
26 10
42 30
21 10
16
10
93
310*
308 320*
35
<10
35 <10
59
70
338
160*
40 30
[
\
bear
River
Lake C
harles
voix o
utlet
Carp
River
Betsi
e La
ke O
utlet
Manistee
Lake Outl
et
Pere
Marq
uett
e L
ake
Outl
et
Pentwater Lake Outlet
Muske
gon
Lake
Outle
t
Muskeg
on Lak
e (Ups
tream)
Grand
River
Lake
Macat
awa O
utlet
Kalama
zoo Ri
ver
Black
River
Bla
ck
Riv
er
(Ups
trea
m)
St. Jo
seph R
iver
St. Joseph River
(Upstre
am)
38.5*
Trail
Creek
5.7
Calumet R
iver
86.0*
Root River
97.0*
Milwaukee River
149.0**
Sauk Creek
39.1*
Sheboygaaniver
41.5*
Manitowoc River
22.8
Twin Rivers 30.4
Kewaunee River
16.0
Ahnapee River
14.5
Menominee River
19.7
n
o
.
u
n
.
O
C
T
I
\
-
n
c
o
 
o
o
o
o
w
n
r
—
(
H
o
u
a.
.uo
g
o
..
m
N
m
H
r
—
«
t
O
O
O
O
O
O
N
Q
‘
N
N
N
H
0
0
0
149
.4*
*
662.0**
0.
5
(
'
3
r
—
{
4
!
“
k
0
"
m«
k
I
—
1
[
\
¢
<
4
"
N
a
)r
—
1
4
k
i
t
i
t
i
‘
u
.
.
u
n
o
o..
m
m
m
o
m
o
o
o
o
o
o
o
m
m
o
m
H
N
K
O
O
M
F
V
‘
V
‘
L
D
W
L
O
L
D
O
O
L
D
H
O
r
—
i
N
L
ﬂ
r
—
{
H
H
K
D
N
N
L
D
N
M
C
U
K
Q
m
r
—
i
<
k
O
W
N
NH
m
m
m
m
t
o
m
m
o
o
o
o
r
—
i
h
m
-
q
‘
o
o
x
o
m
m
w
m
m
v
m
v
—
i
t
o
v
m
m
m
a
v
r
—
i
BE
4
r
—
q
m
m
m
m
m
h
m
m
m
m
m
m
m
m
[
\
m
v
v
o
w
m
m
x
o
m
o
o
t
o
o
m
m
o
o
w
N
K
O
m
H
M
r
—
l
r
-
i
r
—
I
V
N
N
V
N
N
E
“
1
H
O
W
H
O
L
O
O
L
D
L
D
O
O
W
L
O
C
D
O
N
\
D
N
N
m
r
—
{
H
O
O
L
O
V
O
O
r
-
{
m
r
—
i
m
m
H
I
—
{
N
m
m
O
O
O
O
O
O
O
C
D
L
D
N
N
V
O
M
r
—
{
M
O
O
O
O
O
4.3 6.
3 6
.3 6
0 40.0
38 90
4.8
1.9
0.8
3.3
13.0
44 2
0
30.9*
20.5* 1
8 1 248
.0* 457*
150*
15.3 31
.5* 21
.7* 15.
1 104.2
277 240*
** 18.0* 73.4*
1295.0** 25.4
295.5* 251 1200*
*
*‘ 11.7 24.2*
28.7* 13.5 4
8.7 126 120*
16.8 32.9* 15.1 40.3 95 60
9 5 10.1 13
.7 10.9 35.
0 92 80
8 9 12.5 10.8 13.2 61.2 97 120*
9.9 5.0 3.9 9 4 12.3 60 60
7 O ‘ 3.8 3.0 5.7 13.2 30 50
8 0 11.8 4.9 9 5 54.2 194 280*
no
-
k
\
D
ON
a
:
i
t
i
t
(
*
1
Or
—
i
[
\
V
O
D
'
Q
‘
k
D
C
D
V
‘
k
o
m
N
C
D
v
-
d
l
O
O
H
r
-
‘
l
k
O
r
-
i
r
-
‘
l
r
—
I
N
H
O
r
—
I
M
N
O
W
F
O
O
P
O
V
F
L
D
M
O
O
O
O
r
-
I
H
O
O
O
O
O
O
 
*Sign
ifies
eleva
ted
conce
ntrat
ion
**Signifi
es excess
ive conce
ntration
 
  
T bl Metal" concentrations in various size fractions of soils and bottom and suspended Sediments in
a e 5.2—4
the Menomonee River watershed
  
(Ref. 144)
Metall 05/3 ,
Sample/sample Pb Cd Cu
location** Sand Silt Clay Sand Silt Clay Sand Silt Clay
SOILS***
Ozauk
ee s
ilt
loam
n.d.
9 5
58
n.d.
0.16
0.78
2‘3
17
90
Hequon silt loam 4.7 11 39 n.d. 0.25 0.73 4.0 15 82
Hochheim silt loam 5.5 9.8 56 n.d. 0.11 0.35 1.8 7.3 41
Ashkum silty Clay loam 9.0 14 36 n.d. 0.53 1.24 2.0 27 106
Fella silt loam 9.8 10 39 n.d. 0.23 0.81 1.9 8.2 44
Theresa silt loam n.d 6.0 55 n.d. 0.12 0.44 2.1 4 8 36
BOTTOM SED [KENT
Upper Menomonee River
Fries
tad
4.1
7.8
25
n.d.
0.20
1.3
2.1
9.8
52
River
Lane
(6730
01)
7.4
16
41
n.d.
n.d.
0.98
1.9
8.2
44
Menomonee Falls 12 18 55 n.d. n.d. 0.54 3.6 7 1 38
Northern Crossvay 32 101 512 0.08 0.72 3.2 4.1 27 149
Lily CrEek 36 64 438 n.d. 0.31 2.9 9.4 11 8 145
Dretzka Creek 17 55 334 0.11 0.59 2.5 4.1 20 122
124th St (683001) 14 33 208 n.d. 0.26 1.7 6.7 17 85
Little Menomonee River
Donges Bay Road (463001) 2.5 7.3 36 0.06 0.21 1.1 2.4 8.5 48
County Q Road 9.6 17 25 n.d. n.d. 0.86 2-8 ll 36
Road F near Road B 4.1 16 65 0.06 0.45 1.6 1.7 8.1 48
Appleton Ave (413008) 20 21 41 n.d. 0.16 0.58 3.0 6.6 29
Lower Henononee River
Capitol Drive 32 35 115 0.19 0.44 1.8 6.6 13.8 108
70th St (413005) 16 92 487 0.07 0.52 3.8 5.7 42 110
Falk Corporation (413004) 170 412 1.439 1.88 4.98 33 102 219 475
SUSPENDED SEDIHENT
Upper Henononee River
River
Lane
(6730
01)
n.a.
n.d.
83
n.a.
n.d.
2.4
n a
29
37
Pilgr
im Ro
ad (6
83002)
n.a.
50
244
n.a.
n.d.
n.d.
n a
22
51
124th St (683001) n.a. 60 204 n.a. n.d. 0.90 n a 19 71
Little Henomonee River
Donge
s Bay
Road
(4630
01)
n.a.
n.d.
43
n.a.
n.d.
34
n a
20
47
Noyes
Creek
(41301
1)
n.a
139
166
n.a.
n.d.
0 58
n a
41
41
Appleton Ave (413008) n.a 31 63 n.a. n.d. 0 37 n a 8 3 33
Lower Menomonee River
Under
wood
Creek
(4130
07)
n.a.
348
515
n\a.
n.d.
1.7
n a
40
78
Honey Creek (413006) n.a. 158 333 n.a. 0.81 1.4 n a 39 76
70th
St (4
13005)
n.a.
125
165
n.a.
n.d.
0.88
n a
50
70
Schoo
nmake
r Cre
ek (4
13010)
n.a.
967
1,513
n.a.
n.d.
4.4
n a
50
104
Falk Corporation (413004) n.a. 104 118 n.a. 0.77 0.75 n a 37 69
*Samples have been analyzed for Zn. Fe, Cr, Ni and Mn
**STORET numbers of major monitoring stations in parentheses
***Approximately 100 soil types have been mapped in the Menomonee River watershed. Total area of the
watershed is 35,285 ha of which 26,712 ha are mapped by soil type. The 30113 listed constitute 70% of
the total area mapped as soil.
n.d. Not detected
n.a. Sand fraction not present
304
3
0
5
TABLE
5.2—5
(Ref. 134)
Elemental
compositi
on of sus
pended ma
tter in
offshore
waters of
Lake Mich
igan (Jul
y 1972).
South
ern
Basin
North
ern
Basin
*
Epilimnio
n (5—7 Me
tres)
One Metre
Above Lak
e Floor
Trace
Numbe
r
Numbe
r
One M
etre
Elem
ent
of
of
Epil
imni
on
Abov
e
(pg
per
g)
Mean
Rang
e
Samp
les
Mean
Rang
e
Samp
les
(7 m
etre
s)
Lake
Floo
r
 
As
40.
9—61
14
27.
8—4
2
12
25.
15.
B
96.
30-
160
14
250
.
150
-38
0
9
150
.
240
.
Be
0.7
0.6
—0.
9
3
1.2
1.0
—1.
7
9
0.9
2.5
Br
15.
12
—2
0
14
9.7
2—
19
12
11.
11.
Co
8.
3—
13
3
9.
11.
Cr
54.
33
—7
9
6
98.
64
—1
60
8
66
.
10
4.
Cu
101
.
21
—2
30
14
39.
17
-1
02
12
300
.
170
.
M0
4.
7
1.
6
Ni
33.
7—
50
14
47.
26
—8
4
12
38
.
42
.
Pb
51.
8-
73
14
56.
39
—97
12
230
.
120
.
Sn
9.
8
18.
Sr
11
3.
88
.
V
69
.
15
-1
80
14
56.
26
—7
2
12
12
0.
12
0.
Zn
40
0.
"
25
0.
*Co
nce
ntr
ati
ons
in
nor
the
rn
bas
in
are
for
one
com
pos
ite
sam
ple
of
sus
pen
ded
mat
ter
fro
m e
igh
t
off
—sh
ore
loc
ati
ons
.
 
    
    
     
         
       
      
     
  
    
   
 
    
   
  
    
 
   
    
  
   
  
  
TABLE 5.2-6
GENERAL
SURVEY
OF
ORGANIC
CONTAMINANT
CONCENTRATIONS
IN SEDIMENTS OF LAKE MICHIGAN
LOCATION AND DATE CONTAMINANTS AND CONCENTRATIONS SOURCE
Southern Basin
ZDDT — surface sediments 18.5 ug/kg
131
— 2—6 cm 6.3 ug/kg
— 6—12 cm 3.4 ug/kg
Dieldrin — surface sediments 2.0 ug/kg
— 2-12 <0.5 ug/kg
Waukegon to Evanston ZDDT
2.9 ug/kg 131
11 stations (1973)
Dieldrin
O 1
Ug/kg
Loyola University to
ZDDT
1
Jackson Park — Chicago Dieldrin
8 stations (1973)
.4 ug/kg 131
8 pg/kg
Vicinity of 5 WWTP plants
Aroclor 1242
.01-.11 ug/kg
131
between Waukegon and
Aroclor 1254
.01—.O3 ug/kg
Highland Park (1974)
Waukegon to Jackson
Aroclor 1242
N.D.—.08 Ug/kg
131
Park, Chicago,
Aroclor 1254
.002-.05 Ug/kg
19 samples (1974)
Lake
wide
average
PCB
38.2
ug/kg
9
(reported 1978)
Waukegon Harbor
PCB
5%
158
(as Arochlor 1248)
Pydraul 50 E* .8%
*Consists
of
triphenyl
phosphate,
diphenylnonylphenyl
phosphate
and
diphenylcumylphenyl phosphate.
 
 TABLE 5.2-7
ORGANIC CONTAMINANT CONCENTRATIONS IN SEDIMENTS OF
(a)
LAKE MICHIGAN (1976)
ORGANIC CONTAMINANTS SOUGHT AND ANALYTICAL
DETECTION LEVELS (Hg/kg)
Dieldrin: 5
Chlordane: 20
DDD: 10
DDE: 4
o,p—DDT: 5
p,p—DDT: 5
STATION (vicinity of)
 
Galien River
St. Joseph River
South Haven
Kalamazoo River
Holland
White River
Pere Marquette River
Manistee River
Betsie Lake
Naubinway Control
Manistique River
Manistique River Harbor
Escanaba River
Escanaba River Mouth
Cedar River
Menominee River
(a)
HCB: 2
HCBD: 2
Aroclor 1254: 500
Aroclor 1260: 500
Aroclor 1242: 500
ORGANIC CONTAMINANTS FOUND IN EXCESS
OF DETECTION LEVELS AND CONCENTRATIONS
 
Dieldrin
DDE
HCB
HCBD
HCB
HCBD
P,P—DDT
P,P—DDT
Aroclor 1242
Aroclor 1254
Aroclor 1254
307
none
<10 Ug/kg at 30 meters (m)
<10 ug/kg at 30 m
< 5 ug/kg at 30
< 5 ug/kg at 30
m
m
< 5 ug/kg at 45 m
< 5 ug/kg at 45 m
none
5.9 Ug/kg at 15 m -
7.1, 5.6 ug/kg at 30 m
7.4 ug/kg at 30 m
none
none
none
none
none
.1 mg/kg, 2.6 mg/kg, 17.5 mg/kg
5.1 mg/kg, 0.6 mg/kg, 7.8 mg/kg
none
1.6 mg/kg
U
1
none
none
State of Michigan Department of Natural Resources
Concentrations of PCBs in Lake, Streams and Harbor Sediments in Wisconsin (127)
TABLE 5.2-8
 
Testing
Sediment
Sample Laboratory Concentration ppb
Location (Number of Samples) (Aroclor)
East end of Sturgeon Bay DNR (l) 20
Bouy #12
Coast Guard Winter Dock DNR (l) 140(1254)
in Sturgeon Bay
West End of Sturgeon Bay DNR (l) 90(1248)
Bouy #22
Fox River at Portage WWTP DNR (l) 72,000(1242)
Outfall
Fox River at Columbia County DNR (l) 230(1242)
Highway 0 between U.S. 51 & 22
Lower Green Bay East of the Envirex, Inc. (5) * 180(1242)
Mouth of the Fox River 13(1254)
Milwaukee Harbor Envirex, Inc. ** 6,420
U.S. Environmental *** 266Lake Pepin
Protection Agency (9)
 
* Taken in upper layer of core sediment
** Upper foot of sediment
*** Average of nine sampling stations in Lake Pepin
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 Table 5.2—9 —-AVE
RAGE CONCENTRATIO
NS OF TRACE ELEME
NTS, IRON OXIDE,
ORGANIC CARBON,
AND LESS THAN Z—M
ICRON CLAY IN SOU
THERN LAKE MICHIG
AN CORES
Consf
ifuen
f
Top inferval*
1 — 7 cm
4
12
cm
8 — 20 cm
16 cm and
deeper
 
Br
(ppm
)
Cr
(ppm
)
Cu
(ppm)
Pb
(ppm)
Zn
(rpm)
3
0
9
N1
(ppm)
Mn
0(
%)
F6
20
3
(%)
Organic
Carb
on (
Z)
<
20
clay
(%)
65
70
u1
7
9
179
3
”
0.0
65
3-99
2
.
3
5
31.6
38
(17)”r
30
(22
)
2a
(22)
s
u
(
2
2
)
125
(22)
12
(22)
(
2
2
)
(2
2)
1.uu
(22)
19.3
(20)
6
O
66
33
65
148
32
0.070
3.91
2
.
0
3
29.7
29
22
1a
1+5
107
0.022
1.02
1.
20
13.6
(1
2)
(
1
5
)
(15)
(
1
5
)
(
1
5
)
(
1
5
)
(1
5)
(15)
(
1
5
)
(1
4)
47
5
7
2
8
an
115
3
4
0.067
3
.
8
1
1.85
3
4
-
5
+
1
+
I
‘
H
-
H
h
+
l
+
1
21
2
0
10
3
7
71
0
.
0
2
3
1
.
0
3
0-95
10.8
(1
8)
(
2
1
)
(
2
1
)
(
2
1
)
(
2
1
)
(
2
1
)
(
2
1
)
(2
1)
(
2
1
)
(1
9)
‘
48
5
5
27
30
86
33
0.057
3
.
5
4
1.88
34.3
2
“
l6
18
3
8
11
0
.
0
2
3
1.17
1.04
15.6
(1
7)
(l
9)
(1
9)
(1
9)
(1
9)
(
1
9
)
(1
9)
(
l
9
)
(l
9)
(1
8)
3
5
52
2
0
2
0
66
3
5
0.0
50
3
-
3
5
1.U0
u1
.u
+
I
+
l
+
1
-
H
+
|
+
|
+
l
1
2
(
1
9
)
(
2
a
)
(2
4)
(
2
3
)
(
2
3
)
(2
3)
0.01
8 (2
H)
0.65
O.u8
8.8
(2
4)
(
2
3
)
(
2
4
)
* Values given for each interval are, in order, average trace element concentration, standard deviation, and number of
samples used to com
pute the mean.
\
+ Numbers enclosed in parentheses equal number of samples used in calculating the correlation coefficient.
 5.
DATA ON AIR QUALITY AND PRECIPITATION
Tab
les
5.3
—1
and
5.3
—2
sum
mar
ize
s
the
uni
ts
of
ana
lys
es
of
rai
n,
sno
w
and
air
fro
m t
he
Lak
e M
ich
iga
n B
asin
.
Stu
die
s b
y M
urp
hy
(102
, 1
40)
and,
And
ren
and
Dos
key
(14
6)
hav
e b
een
dir
ect
ed
to
the
qua
nti
fic
ati
on
of
atmospheric inputs of PCBs to Lake Michigan in particular.
Load
ing
esti
mate
s of
meta
ls w
ere
repo
rted
by:
PLUA
RG
(47)
in i
ts r
epor
t
on
"At
mos
phe
ric
Loa
din
gs
of
the
Low
er
Gre
at
Lak
es
and
the
Gre
at
Lak
es
Drai
nage
Basi
n";
Konr
ad.
Ches
ters
and
Baue
r (1
44)
to e
valu
ate
atmo
s—
pher
ic l
oadi
ng t
o th
e Me
nomo
nee
Rive
r wa
ters
hed;
and,
Eise
nrei
ch (
147)
and Schmidt (148) at the 1978 Conference on Great Lakes Research. The
results of the above noted studies are given in Tables 5.3—1 and 5.3—2.
Additional results from reference 47, are shown in Tables 5.3—3 and
5.3—4.
Volume 8 of the Argonne Laboratory report series on the "Environmental
Status of the Lake Michigan Region," entitled "Atmospheric Environment
of the Lake Michigan Drainage Basin" provides a thorough review of
atmospheric inputs of the elements to Lake Michigan (149). Much data
is provided in the report such as identification of sampling sites,
meteorological influences, etc. Tables 5.3—4 and 5.3—5 are examples
of the information contained within the report.
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1
“
TABLE 5.3-1
ANALYSES OF THE ATMOSPHERE AND
y PRECIPITATION IN THE LAKE MICHIGAN BASIN
 
5 No.
;} Date and Sampling Site Sample Samples Experimental Results Source
\
1975—77 Chicago (DePaul Rain 31 PCBs—(Arith. mean-193 ng/L) 102, 140
5 University) (% dissolved —66)
1975-77 Chicago (DePaul
University) Snow 4 PCBs (Arith. mean—212 ng/L) 102, 140
(% dissolved —36)
. 1975—77 Chicago (DePaul 3
3 University) Air 4 PCBs (Arith. mean—7.6 ng/m 102, 140
(Z in filtered portion—97)
1976 Beaver Island Rain 13 PCBs (Arith.mean—215 ng/L) 102
(Z dissolved-53)
1976 Mammoth Cave Air 1 PCBs —6.7 ng/m3 102
National Park (Z in filtered portion-95)
1976 Landfill Cases 2 PCBs — 3240 ng/m3 102
1976 Chicago Area Rain 5 PCBs — 97.5 ng/L 112
Beaver Island — Rain 1 PCBs — 229 ng/L 112
k 1976 Menominee River Rain Pb — 32 ppb* 144
Watershed Cd — 3.74 ppb
1977 Open waters Air 1 'PCBs—Filtered extract—.12 ng/m3 146
(76% — 1242 : 24% — 1254)
1 PCBs Vapor state — 1.4 ng/%
(70%- Aroclor 1242:
30% Aroclor 1254)
1 PCBs Total - 0.66 ng/m3
1 PCBs Total — 0.14 ng/m3
*Ca
lcu
lat
ed
loa
din
g —
by
rai
nfa
ll
— 2
30
g/h
a/y
r.
—
by
dr
y
de
po
si
ti
on
—
18
0
g/
ha
/y
r.
Tot
al
loa
din
g o
f l
ead
to
wat
ers
hed
by
atm
osp
her
e —
1.4
x 1
04
kg/
yr.
311
  
TABLE 5.3—2
 
ATMOSPHERIC LOADING ESTIMATES — LAKE MTCHTCAN
6
10 kg/Year
SEE
PARAMETER NOTE ACRES (47) _ EISENREICH (147) SCHMIDT (148)
MM 330
504 PC NA
N MM 42
PC NA
MM 56
PART. PC NA 1
3
10 kg/Year E
MM 350
TP PC 1000*
Ca MM 1800
PC NA 84,000
Mg MM 810
PC NA 16,900
Na MM 500
PC NA 12,000 '
K MM 1500
PC NA 6,800
Cd MM 48
PC NA
Pb MM 1100
PC 800 1350—2500
Ni MM 71
PC NA
Cu MM 55
PC NA 130 310-550
Fe MM 5500
PC NA 3,210
Cr PC 200-360
NOTE
MM — Mathematical Model
PC — Precipitation Chemistry
NA — Not available
* U.S. EPA 1975
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 Tab
le
5.3
—4
Tra
ce
Ele
men
t
Con
cen
tra
tio
ns
(pg
/m3
)
in
Chi
cag
o A
ero
sol
s
(Mo
dif
ied
fro
m G
atz
,
197
5)
Source of Data and Period of Sampling
 
Har
ris
on
Chi
cag
o
and
Bra
r
Air
Sam
pli
ng
Win
che
ste
r
et
a1.
Nat
ion
al
Air
Sur
vei
lla
nce
Net
wor
k
Net
wor
k
Com
pos
ite
Ele
men
t
196
8
196
8
196
6
196
7
196
8
196
9
197
0-1
971
Mod
el‘
A1
1.5
(1.
5)
As
0.0
178
0.0
2
Cd
0.0
15
0.0
3
0.0
1
0.0
08
0.0
15
0.0
1
Cr
0.0
18
0.0
08
0.0
05
0.0
23
0.0
16
0.0
2
Cu
0.1
82
0.0
8
0.0
9
0.1
3
0.1
2
0.1
4
0.1
4
Fe
2.6
2.4
2.7
4.3
4.0
3.3
3.5
Mn
0.4
5
0.0
8
0.0
8
0.0
9
0.1
2
0.1
0
0.1
0
Ni
0.0
29
0.0
31
0.0
33
0.0
51
0.0
4
Pb
2.5
1.6
1.2
1.6
1.6
1.2
1.2
Ti
0.0
1
0.0
2
0.0
2
(0.
2)b
V
0.0
24
0.0
48
0.0
59
0.0
96
0.0
8
Zn
0.06
2
1.7
1.1
0.65
(0.3
)b
’Parentheses indicate considerable uncertainty in
ments.
aArsenic measured September to December, 1971, only.
bEstimated from St.
Louis data of Gatz (1974).
Nat
ion
al
Air
Sur
vei
lla
nce
Net
wor
k d
ata
for
the
se
mod
el
con
cen
tra
tio
ns
due
to
lim
ite
d n
umb
er
of
mea
sur
e—
ele
men
ts
are
not
rel
iab
le
(Wi
nch
est
er,
l97
5——
per
son
a1
com
mun
ica
tio
n;
Akl
and
,
l97
5—-
per
son
al
com
mun
ica
—
tion).
References:
Harrison and Winchester (1971);
Brar et a1. (19
70)
;
Nat
ion
al
Air
Sur
vei
lla
nce
Net
wor
k-—
EPA
(19
72,
197
3a)
; C
hic
ago
Air
Sam
pli
ng
Net
wor
k——
Chi
cag
o D
ep.
Air
Pol
lut
. C
ont
rol
, 1
971
).
Ta
bl
e
5.
3—
5
Tr
ac
e
Ele
men
t
Co
nc
en
tr
at
io
ns
(ug
/m3
)
in
Nor
thw
est
Ind
ian
a
Ae
ro
so
ls
(Mo
dif
ied
fro
m
Gat
z,
197
5)
Source of Data and Period of Sampling
 
Hagz
éson
Harr
ison
Nati
onal
Air
Surv
eill
ance
Netw
ork
Win
che
ste
r
et
a1.
Ham
mon
d
East
Chi
cag
o
Com
pos
ite
Ele
men
t
196
8
196
9
196
6
196
7
196
8
196
9
196
6
196
7
196
8
196
9
Mod
el*
A1
1.96
(2.0
)
As
0.0
05
(0.
005
)
Cd
0.01
4
0.00
0.01
0.01
1
0.01
0.01
0.00
7
0.02
8
0.02
Cr
0.04
3
0.00
2
0.01
0
0.01
9
0.01
4
0.01
8
0.03
7
0.06
4
0.04
Cu
2 2
0.80
0.07
0.18
0.11
0.15
0.18
0.31
0.27
0.2
Fe
5.83
2.4
3.i
4.6
5.5
4.0
4.3
8.1
9.9
6.0
Mn
0.1
75
0.09
0.16
0.13
0.24
0.12
0.15
0.19
0.35
0.
Ni
<0.0
19
0.01
4
0.02
6
0.02
0
0.02
9
'0.0
36
0.03
5
0.05
6
0.10
4
0.06
Pb
1.8
0.8
1.2
0.93
1.2
1.0
1.2
1.1
2.6
1.5
Ti
0.1
85
0.0
0
0.0
2
0.0
5
0.0
2
0.0
2
0.1
0
(0.
2)a
V
0.00
84
0.01
7
0.03
4
0.04
8
0.04
2
0.05
0
0.11
5
0.08
Zn
0.44
0.5
0.7
1.5
1.0
(0.4)
8
'Pa
ren
the
ses
ind
ica
te
con
sid
era
ble
unc
ert
ain
ty
in
mod
el
con
cen
tra
tio
ns
due
to
lim
ite
d n
umb
er
of
mea
sur
e—
ments.
aEstimated from Harrison et a1.
References:
EPA,
1972, 1973a).
(1971) only.
Nat
ion
al
Air
Sur
vei
lla
nce
Net
wor
k
dat
a
for
the
se
ele
men
ts
are
not
rel
iab
le
(Wi
nch
est
er,
l97
5-—
per
son
a1
com
mun
ica
tio
n;
Akl
and
, 1
975
——p
ers
ona
l c
omm
uni
cat
ion
).
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Harrison and Winchester (l97l); Harrison et a1.
(1
97
1)
;
Na
ti
on
al
Ai
r
Su
rv
ei
ll
an
ce
Ne
tw
or
k—
—
 
  
5.
4
DA
TA
ON
MU
NI
CI
PA
L
AN
D
IN
DU
ST
RI
AL
DI
SC
HA
RG
ES
AN
D
SL
UD
GE
S
Ta
bl
es
5.
4—
1
to
5.
4—
4
su
mm
ar
iz
e
th
e
re
su
lt
s
of
a
st
ud
y
by
th
e
U.
S.
EP
A
Re
gi
on
V
Ea
st
er
n
Di
st
ri
ct
Of
fi
ce
to
ev
al
ua
te
th
e
le
ve
ls
of
or
ga
ni
c
co
nt
am
in
an
ts
in
ef
fl
ue
nt
s
an
d
sl
ud
ge
s
fr
om
wa
st
ew
at
er
tr
ea
t-
me
nt
pl
an
ts
in
Ba
tt
le
Cr
ee
k,
Ja
ck
so
n,
Ni
le
s
an
d
Th
re
e
Ri
ve
rs
(1
50
).
Th
e
pr
ed
om
in
an
t
co
nt
am
in
an
ts
ap
pe
ar
to
be
Ar
oc
lo
r
12
42
an
d
12
54
,
an
d
phthalate esters.
Ex
te
ns
iv
e
su
rv
ey
s
ha
ve
be
en
ma
de
of
PC
B
le
ve
ls
in
sl
ud
ge
s
an
d
ef
fl
ue
nt
s
in
th
e
La
ke
Mi
ch
ig
an
Ba
si
n.
Th
e
PC
B
le
ve
ls
in
Ta
bl
e
5.
4-
5
(1
51
)
in
sl
ud
ge
s
fr
om
fo
ur
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
ts
an
d
fr
om
on
e
in
du
st
ry
ra
ng
ed
fr
om
1.
3
pp
m
to
15
pp
m
du
ri
ng
19
73
—7
4.
A
su
rv
ey
by
th
e
Wi
sc
on
si
n
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
(1
27
)
es
ti
ma
te
d
th
at
in
19
75
,
20
00
lb
s.
of
PC
Bs
we
re
di
sc
ha
rg
ed
in
to
Gr
ee
n
Ba
y
fr
om
ma
jo
r
po
in
t
so
ur
ce
s
al
on
g
th
e
lo
we
r
Fo
x
Ri
ve
r.
Mo
st
of
th
is
qu
an
ti
ty
ca
me
fr
om
mi
ll
s
wh
ic
h
re
cy
cl
e
wa
st
e
pa
pe
rs
.
Th
e
da
il
y
es
ti
ma
te
d
re
le
as
es
are shown in Table 5.4—6.
In
19
78
,
Pe
te
rm
an
33
El
,
(1
52
)
re
po
rt
ed
th
e
re
su
lt
s
of
a
st
ud
y
to
as
se
ss
th
e
so
ur
ce
s
an
d
di
st
ri
bu
ti
on
of
or
ga
ni
c
co
mp
ou
nd
s,
pa
rt
ic
ul
ar
ly
ch
lo
ro
—o
rg
an
ic
s,
in
th
e
64
km
Lo
we
r
Fo
x
Ri
ve
r
in
no
rt
he
as
te
rn
Wi
sc
on
si
n.
Du
ri
ng
19
76
-7
7,
ab
ou
t
25
0
sa
mp
le
s
we
re
an
al
yz
ed
,
in
cl
ud
in
g
bi
ot
a
an
d
15
mi
ll
an
d
12
se
wa
ge
tr
ea
tm
en
t
pl
an
t
ef
fl
ue
nt
s.
Ta
bl
e
5.
4-
7
li
st
s
th
e
co
mp
ou
nd
s
id
en
ti
fi
ed
in
th
e
st
ud
y,
an
d
th
e
co
nc
en
tr
at
io
n
ra
ng
es
fo
r
co
mp
ou
nd
s
wh
ic
h
we
re
qu
an
ti
fi
ed
.
Th
e
pr
es
en
ta
ti
on
by
Jo
ne
s
an
d
Le
e
(8
7)
su
mm
ar
iz
ed
th
e
re
su
lt
s
of
ma
ny
st
ud
ie
s
on
th
e
co
mp
ou
nd
s
fo
un
d
wi
th
in
mu
ni
ci
pa
l
wa
st
ew
at
er
ef
fl
ue
nt
s
an
d
sl
ud
ge
s.
Ta
bl
e
5.
4—
8,
wh
ic
h
li
st
s
th
e
re
su
lt
s
of
a
U.
S.
EP
A
sp
on
so
re
d
st
ud
y
to
id
en
ti
fy
or
ga
ni
c
co
mp
ou
nd
s
in
th
e
Mu
sk
eg
on
wa
st
ew
at
er
sy
st
em
,
is
ta
ke
n
fr
om
th
e
Su
mm
ar
y
by
Jo
ne
s
an
d
Le
e.
Tab
les
5.4
—9
and
5.4
—10
are
obt
ain
ed
fro
m
the
Wis
con
sin
Dep
art
men
t
of
Nat
ura
l R
eso
urc
es
pub
lic
ati
on
"Su
rve
ys
of
Tox
ic
Met
als
in
Wis
con
sin
".
(12
5).
Alt
hou
gh
man
y
of
the
pla
nts
lis
ted
on
Tab
le
5.4
—9
are
not
in
the
Gre
at
Lak
es
Bas
in,
the
inf
orm
ati
on
is
included for purposes of comparison.
Tab
le
5.4
-11
sho
ws
the
res
ult
s o
f e
ffl
uen
t a
nal
yse
s b
y U
.S.
EPA
Region V.
Als
o o
f i
nte
res
t i
s t
he
U.S
. F
DA
stu
dy
(15
8)
whi
ch
eva
lua
ted
the
eff
ect
s
of
dis
cha
rge
s
of
PCB
s
and
PCB
sub
sti
tut
es
(Py
dra
ul
50
E)
fro
m t
he
Out
boa
rd
Mar
ine
Co.
out
fal
l
in
Wau
keg
on
Har
bor
.
The
res
ult
s
are
sho
wn
in
Tab
le
5.2
—6.
and
5.6
—1.
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 TABLE 5.4—1
SAMPLE ANALYSIS RESULTS
BATTLE CREEK, MICHIGAN
WASTEWATER TREATMENT PLANT
NOVEMBER, 1973
“EFFLUENT
<u m (lbw,
SLUDGE
(mg/kg) DRY Z REMOVAL
RAW m};
PARAMETER (Ag/L) (lbs/day)
Aro
chl
or
1221
<.0
01
<.0
001
<.0
01
<.0
001
<.0
01
<.001
<.001
Aro
chl
or
.
.
.
.00
1
.001
.001
Aro
chl
or
.
.
.00
1
.250
.001
Aro
chl
or
.
.
.
.00
1
.001
.001
Aro
chl
or
.
.
.
.
.20
0
.090
.3
Aro
chl
or
.
.001
Aroehlor
Arochlor
Heptachlor
Aldrin
Heptachlor epoxide
Dieldrin
Endrin
 
 TABLE 5.4—1 CONT’D
SAMPLE ANALYSIS RESULTS
BATTLE CREEK, MICHGAN
WASTEWATER TREATMENT PLANT
NOVEMBER, 1973
RAW WASTE EFFLUENT SLUDGE
PAR
AME
ng
igl
g/i
ISL
glb
s/d
gﬁ
ngvL
/L)
(le
/da
X)
(mg
/kg
) D
RY
7., R
EMO
VAL
o,p
—DD
D
<.0
01
<».0
001
<.0
01
\.0
001
.03
1
.017
.0078
p,p
—DD
D
<.0
01
<.0
001
.02
6
.00
3
<.0
01
<.001
<.001
o,p
-DD
E
.01
0
.00
1
(«.
001
".0
001
.10
0
>90
.086
.120
p,p
—DD
E
.00
7
.00
08
<.0
01
<.0
001
<.0
01
>86
<.001
<.001
Met
hox
ych
lor
.00
1
.00
01
.00
1
.00
01
<.O
Ol
.047
.031
Di—
N-B
uty
l
pht
hal
ate
49
5.3
370
40
530
<50
143
Di—
Z—e
thy
l
pht
hal
ate
58
6.2
61
7
327
<50
85.7
Chl
ord
ane
0.2
0
.02
1
(-0
01
“00
01
<.0
01
>99
<.001
<.001
 
 PARAMETER
 
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260
Arochlor 1262
Arochlor 1268
Lindane
Heptachlor
A1drin
Heptachlor epoxide
Dieldrin
Endrin
o,p—DDT
p,p—DDT
o,p-DDD
p,p—DDD
o,p-DDE
p,P-DDE
Methoxychlor
Di—N—Butyl phthalate
Di—2—ethyl phthalate
Chlordane
<.001
A
.001
<.001
<.001
1.5
<.001
<.001
<.001
.003
<.001
.022
<.001
.077
.068
<.001
<.001
<.001
<.001
<.001
.006
<.001
<
/
\
TABLE 5.4—2
SAMPLE ANALYSIS RESULTS
JACKSON;
MICHIGAN
WASTEWATER TREATMENT PLANT
OCTOBER, 1973
RAN WASTE
(Hg/L) (lbs/dax)
.0001
.0001
.0001
.0001
.2
.0001
.0001
.0001
.0003
.0001
.002
.0001
.009
.008
.0001
.0001
.0001
.0001
.0001
.0007
.0001
.0001
K v
<
EFFLUENT
(u /L) (lbs/da )
001
.001
.001
.001
.4
.001
.001
.001
.001
.005
.018
.001
.006
.004
.001
.003
.001
.001
.001
.075
.001
.001
/
\
O O O
H
.04
<.0001
<.0001
<.0001
<.0001
.0006
.002
<.0001
.0007
.0004
<.0001
.0003
<.0001
<.0001
<.0001
.008
<.0001
<.0001
<.001
<.001
<.001
<.001
.005
.006
<.001
<.001
.024
.006
.0I1
<.001
.006
.016
<.001
<.001
<.001
.18
 
73
>67
18
92
94
96
96
 
 TABLE 5.4-3
SAMPLE ANALYSIS RESULTS
NILES, ILLINOIS
WASTEWATER TREATMENT PLANT
NOVEMBER, 1973
\ ,,,,ML _
RAW WASTE EFFLUENT SLUDGE
PAR
AME
TER
(Hg/
L)
(lb
s/d
ax)
(Hg/
L)
(lb
s/d
ay)
(mg/
kg)
DRY
Z R
EMO
VAL
  
Aro
chl
or
122
1
<.0
01
<.0
000
2
<.0
01
<.0
000
2
<.0
01
<.001
<.001
Aro
chl
or
123
2
<.0
01
<.0
000
2
<.0
01
<.0
000
2
<.0
01
<.001
<.001
Aro
chl
or
124
2
120
3
92
2
<.0
01
23
<.001
<.001
Aro
chl
or
124
8
<.0
01
<.0
000
2
<.0
01
<.0
000
2
<.0
01
<.001
<.001
.0 25
.6
.4
Aro
chl
or
125
4
.20
0
.00
5
.15
0
.00
4
U
‘
O
m
F
Aro
chl
or
126
0
(.0
01
<.0
000
2
<.0
01
<.0
000
2
<.0
01
<.001
Aro
chl
or
126
2
<.0
01
<.0
000
2
<.0
01
<.0
000
2
<.0
01
<.001
<.001
 
Aro
chl
or
126
8
<.0
01
<.0
000
2
<.0
01
<.0
000
2
<.0
01
<.001
<.001
Lin
dan
e
.00
5
.00
01
.01
0
.00
02
.00
41
.089
.034
Hep
tac
hlo
r
<.0
01
<.0
000
2
<.0
01
<.0
000
2
.01
0
.0097
.0052
/
\
.001 25
.001
.001
Ald
rin
.00
4
.00
01
.00
3
.00
007
A
A
Hep
tac
hlo
r
epo
xid
e
.00
8
.00
02
.01
4
.00
03
.00
56
.0025
N
p
O
O
V
\
J
U
1
Die
ldr
in
.00
4
.00
01
<.0
01
<.0
000
2
H
H
m
m
o
o
o
o
End
rin
.00
8
.00
02
<.0
01
<.0
000
2
.08
0
>88
0,p
—DD
T
'
.03
0
.00
07
.00
3
.00
007
.15
0
90
p,
p—
DD
T
<.
00
1
<.
00
00
2
<.
00
1
<.
00
00
2
.00
44
319
TABLE 5.4—3 CONT'D
SAMPLE ANALYSIS RESULTS
NILEs, ILLINOIS
WASTEWATER TREATMENT PLANT
NOVEMBER, 1973
RAW
WAS
TE
EFF
LUE
NT
sz
gg
g
W
E
E
M
a
y
a
n
M
M
)
.
(mg
/im
ﬂpﬁ
i
 
33mm.
O,p
—DD
D
.00
9
.00
02
<.0
01
<.0
000
2
.00
72
>89
<.001
<.001
p,p
—DD
D
.00
8
.00
02
.00
4
.00
01
<.0
01
50
<.001
<.001
o,p
—DD
E
.00
7
.00
02
<.0
01
<.0
000
2
.54
0
>86
.550
.320
p,p
—DD
E
.00
2
.00
005
.01
5
.00
04
<.0
01
<.001
<.001
Met
hox
ych
lor
.00
4
.00
01
.00
4
.00
01
.04
5
<.001
.001
A
Di—
N—B
uty
l p
hth
ala
te
340
8
76
2
192
78
301
67
Di-
Z—e
thy
l
pht
hal
ate
88
2
51
1
320
42
415
143
Chl
ord
ane
<.0
01
<.0
000
2
<.0
01
<.0
000
2
<.0
01
<.001
<.001 /
 
320
 
  
TABLE 5.4—4
SAMPLE ANALYSIS RESULTS
THREE RIVERS, MICHIGAN
WASTEWATER TREATMENT PLANT
NOVEMBER, 1973
 
RAW WASTE EEELUENT SLUDGE
PARAMETER (py/L) (lbs/day_)_ (ug/L) (lbs/day)“ (mg/kg) DRY 7. REMOVAL
 
Arochlor 1221 <.001 <.000009 <.001 <.000009 <.001
<.001
<.001
Arochlor 1232 <.001 <.000009 <.001 <.000009 <.001
<.001
<.001
Arochlor 1242 100 .9 360 3 <.001
<.001
<.001
/
\
Arochlor 1248 <.001 <.000009 <.001 <.000009 .001
<.001
<.001
Arochlor 1254 .17 .002 .58 .005 14.6
4.34
15
Arochlor 1260 <.001
A
.000009 <.001 <.000009 <.001
<.001
/
\
/
\
Arochlor 1262 <.001 <.000009 .001 <.000009 .001
Arochlor 1268 <.001 <.OOOOG9 <.001 <.OOOOO9 <.001
<.001
<.001
Lindane .005 <.00005 .004 <.00004 <.001 20
.0026
.054
Heptachlor .007 .00006 .001 .000009 .019 86
.002
Aldrin .016 .0001 .014 .0001 <.001 13
<.001
.0049
Heptachlor epoxide <.001 <.000009 .012 .0001 .001
.019
Dieldrin .42 .004 <.001 <.000009 .44 <99
.18
<.001
Endrin .067 .0006 .005 .00005 .006 93
.0078
<.001
o,p—DDT (.001 (.000009 .001 .000009 <.001
. .056
.12
p,p—DDT <.001 <.000009 <.001 <.000009 “.001
<.001
,<-OQ}
321
 
TABLE 5.4—4 c0NT’D
SAMPLE ANALYSIS RESULTS
THREE RIVERS, MICHIGAN
WASTEWATER TREATMENT PLANT
NOVEMBER; 1973
 
RAW WASTE EFFLUENT SLUDGE
PARAMETER (Hg/L) (lbs/dag) (Hg/L) (lbs/dag) (mg/kg) DRY % REMOVAL
o,p—DDD <.001 <.000009 <.001 <.000009 <.001
.0041
.0092
p,p—DDD .003 .00003 .001 .000009 <.001 67
<.001
<.001
o,p—DDE .003 .00003 <.001 <.000009 .62 >67
.085
.45
p,p-DDE < 003 <.00003 .001 .000009 <.001 67
<.001
<.001
Methoxychlor .001 .000009 .001 .000009 <.001
<.001
<.001
Di-N-Butyl phthalate 67 .6 44 .4 300 34
<50
<50
Di-Z—ethyl phthalate 180 2 28 .3 585 84
<50
331
Chlordane .097 .0009 .001 .000009 <.00I 99
 
W3
2
3
FACI
LITY
Bat
tle
Cre
ek
WWT
P
Jac
kso
n W
WTP
Niles
WWTP
Thre
e Ri
vers
WWTP
Fedder
s Corp
.
Mead
Corp.
Hoover Ball &
Bea
rin
g
Michig
an Tub
e
Dowagl
ac WWT
P
RES
ULT
S O
F M
ODO
PCB
SUR
VEY
S I
N L
AKE
MIC
HIG
AN
U.S. EPA, E00. REGION 2
LOCA
TION
Bat
tle
Cre
ek
Jackson
Nil
es
Thr
ee
Riv
ers
Gre
env
ill
e
Ost
ego
Fowlerville
Eau Claire
Dowagiac
*ind
icat
es n
ot d
etec
tabl
e-
**ug/L
applie
s to i
nfluen
ts (in
f.) an
d effl
uents
(eff.)
ug/kg applies to sludges.
TABLE 5.4—5
SOU
RCE
:
RE
CE
IV
IN
G
WATERS
Kalam
azoo
Grand
River
St. J
oseph
St. J
oseph
Flat River
Kalamazoo
Red C
edar
Farmer
s Cree
k
Dowagi
ac Cre
ek
DA
TE
Nov/73
 
Oct/73
Nov/73
H
Ju
ne
/7
4
Se
pt
/7
4
Oct
/74
OUT
FAL
L
Inf.
Eff.
Slu
dge
Sludge
Sludge
Inf.
Eff.
Sl
ud
ge
Inf.
Eff.
Sl
ud
ge
Sludge
Slu
dge
Inf.
Eff.
Slu
dge
Slu
dge
Slu
dge
001(eff.)
00
2
003
In
t.
001(eff.)
005
00
6
Slud
ge #
1
Sludg
e #2
00
1(
ef
f.
)
001(eff.)
BASIN
PCBs — ug
/L or Ug/
kg, dry?
&
1248
.12_54_
140
*
.220
110
*
.180
*
*
2,220
2,250
* 5
,090
*
*
1,300
1.5
0.4
1,300
.200
.1
50
8,000
9,6
00
5,400
.17
.58
14,600
4,340
15,000
  
*
it
470
120
9
2
-
K
-
)
<
-
)
<
*
i
‘
d
t
-
K
-
k
.
k
100
36
0
-
K
-
K
-
K
-
K
-
K
-
K
-
K
-
K
0.23
0.19
0.23
*
*
0.10
*
*
0.3
1
*
*
*
k
.
K
'
K
0.27
4.5
0.1
4
*
k
 Fox River
Fox River
 
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
 
TABLE
5.
’4—6
ESTIMATES OF PCB DISCHARGES
T0 GREEN BAY AND LAKE MICHIGAN
FROM INDUSTRIAL AND MUNICIPAL EFFLUENTS
Wastewater
Source
John Strange
Paper
(outfall #2)
Bergstrom
Paper Co.
Kimberly-Clark
(Lakeview Div)
Neenah—Menasha
WWTP
Neenah Foundry
(Plant #1)
Nennah Foundry
(Plants #2 & 3)
Riverside Paper
Appleton WWTP
Kimberly—Clark
Corporation
Kimberly WWTP
,,W-
  
(Ref.
ll’v’e‘gg'ge’ Dill} "
Discharge In
127)
PCB Testing
 
gallons of
Process Water
480,000
3,876,000
3,430,000
15,730,000
830,000
1,317,000
44,000
13,380,000
590,000
324
Oct.
Jan.
April
Feb.
April
July
Sept.
Oct.
NOV.
'DL‘L.
Jan.
Jan.
Jan.
Feb.
Feb.
March
July
Oct.
Oct.
Jan.
Aug.
Feb.
Feb.
Feb.
Aug.
11,
20,
16,
20,
  
Estimated
Ibs./day
of PCBS
Discharged
 
.009
1.132
.008
 
Value in
ppb Ave ppb
1975 A
1976 2.6
1976 .5 2.36
1975 50
1975 18
1975 27
1975 2
1975 9.9
1975 75
1975 52
I976 75
1976 I7
1976 19
I976 34
1976 36
1976 10
1976 5.5 f 35.2
1975 .28 .28
l
1975 .10 i
1976 .25 .21 I
1975 E .10 .10
1975 2.40 2.40
1976 3.60 3.60 I
1973 .26
1973 .14
I973 .07 .16
I973 ~.05 -
1973 .15
I973 .35 .25
   
.027
.0007
.018
.001
 
 I“var
Basin
Fox River
Fox River
Fox River
Fox River
Fox River,
Fox River
Fox River
Fox River
Peshtigo R.
Peshtigo R.
Menominee R.
Menominee R.
Oconto R.
Fox River
 
T
A
B
L
E
5
.
4
-
6
C
O
N
T
/
D
Wastewater
Source
Kaukauna WWTP
Wrightstown
WWTP
DePere WWTP
Fort Howard
Paper Co.
American Can
Charmin Paper
Green Bay
Packaging
Green Bay WWTP
Badger Paper
Mills
Peshtigo WWTP
Scott Paper Co.
Marinette WWTP
Scott Paper Co.
Portage WWTP
 
*Average Daily
Discharge in
gallons of
2,470,000
190,000
2,360,000
18,000,000
4,750,000
11,000,000
1,000,000
35,640,000
1,486,000
4,340,000
4,900,000
2,620,000
8,360,000
890,000
890,000
1,014,000
Process Water
 
.11.. ..,1 .
Feb.
Oct.
Oct.
March
Feb.
Oct.
March
May
July
Aug.
Oct.
Dec.
Jan.
Jan.
Jan.
Jan.
Feb.
Feb.
April
Jan.
Jan.
Oct.
Jan.
Oct.
Aug.
Aug.
Oct.
March
Oct.
325
Date
15,
3,
15,
1973
1973
1974
1973
1973
1974
1975
1975
1975
1975
1975
1975
1976
1976
1976
1976
1976
1976
1976
1976
1976
1974
1976
' 1974
1975
1975
1974
1976
1974
   
Estimated
PCB Testing 1bs./day
I Value in of PCBs
L ppb Ave. ppb Discharged
i .11
1 .09
I .10 .10 .002
1
i >.05 >.05 > 00007
i
i .30
1 .50 .40 .007
; 6.8
i 10
1 4.4
14
160 .
56 1
. 31 i
; 31 i
1 3.5 ‘
i 6 1
1 3-2 i I
g 1.2 ‘ 25.27 1 3.793
1 1
; .20 3 .008
l
' .20 f . .018
. 1 i
g .45 1 ‘ .004
f .40 g ' .119
i
5 .10
1 .20 1 .15 .002
.20 - .007
.10 1
.60 5 .35 E .014
I 1
.10 l l .002
I I
10 i i .007
1 2'
7.4 1
4.2
6.8 6.13 .046
TABLE 5.4-6 CONT'D
       
[ 80verage Daily 7 7 Estimated
Discharge in PCB Testing lbs./day
River : Wastewater gallons of l l Value in E of PCBs
Basin ‘ Source Process Water 1 Date E ppb Ave. ppb Discharged
1 .e . .2.2....,_.., 2...”, . .11. . 7.1... . . .2. . T .1. .e. 7. . . , . . "11% 1 , . l, 7 , .27,_.1.1_.2V1.——
Fox River 1 Fond du Lac WNTP 6,500,000 ‘ Feb. 27, 1973 l .59
‘ I 7,100,000 E May 23, 1975 1 .2 .39 z .218
g i =
Fox R
iver
L Oshk
osh N
WT?
1 8,
400,0
00
1 Sept
. 25,
1974
g .
l
‘
1 .
007
* i 1
Fox River 1 Omro WWTP 87,000 ; March 2, 1973 E .25 ' 1
‘ 108,000 1 Sept. 18, 1973 l 1.2 .72 .0006
Twin River l Two Rivers WWTP 2,650,000 l Sept. 23, 1975 l .20
i
1 3
,450
,000
Marc
h 4
, 19
76
.70
.45
1
.012
;
Sheboygan R.; Vollvath #1 Z to STP June 10, 1975 .2
E Vollrath #2 1 to STP June 10, 1975 .Z
l 3
Sheboygan R.; Pt. Washington 1
‘ WWTP ; 1,590,000 Dec. 18, 1974 .20 ; .0026
l l
Sheboygan R.% Shebo an WWTP f 11,300,000 Oct. 2, 1974 1.1 ‘
. Y8
‘ 11,600,000 June 17, 1975 .65
9,400,000 Dec. 15, 1975 .2 .60 .060
Milwaukee R. Jones Island
‘ WWTP 3 140,000,000 1 Oct. 15, 1974 .5
l ‘ gDec. 18, 1974 .09 .30 .350
l 1
Milwaukee R., 5. Milwaukee 1 ‘ 1
WWTP ; 2,750,000 E Sept. 17, 1974 .17 1 .004
. l l ‘
Milwaukee R. S. Shore Milwau-l l i
kee WWTP 1 50,000,000 Sept. 18, 1974 .29 i .12
Milwaukee R.r Appleton Elec- l . i
, Lite 3 1,000 Jan. 5, 1976 3 .00002
1 1
Milwaukee R.‘ Babcock 0 Wilcox; 900,000 July 24, 1975 .9 1 .007
Milwaukee R.1 Briggs & Strattoh 1,260,000 ‘ July 29, 1975 1.5 E .015
i #3 3 255,000 ‘ July 29, 1975 .2 ; .0004
Milwaukee R.; Crucible Steel 1 l ‘
y #l l ; July 28, 1975 a.1 1 ‘ —
‘ #2 1 July 28, 1975 <.l ‘ -
1 #3 July 28, 1975 <.l ‘ —
l r j ‘
Milwaukee R.l EST Grafton ‘ l j
‘ #1 3 4,300 1 April 4, 1975 .15 § .000005
1 #1 . 4,300 1 July 28, 1975 .1 .000003
1 #2' ; 14,200 1 July 28, 1975 .2 ; .00002
Milwaukee R. Wehr Steel 3 1 I
#1 ‘ 1 July 30, 1975 <.l 1 —
#6 31,000 1 July 30, 1975 .2 i .00003
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River
Ikisin
Milwaukee R.
ROOL RiVer
TABLE 5.4—6 CONT/D
1*AVC95gE7051191‘777
1 Discharge in
Wastewater gu110ns of 1
1
1
Source 1 Process Water1
he. ,. AHWG1 we. .. .. 1
Meta Mo1d—Cedurburg 1
-
Ce
da
rb
ur
g
1
21
,0
00
11
u1
y
1 1
1
Milwaukee Die 1
Ca
st
in
g
11
,0
00
1J
u1
y
Milwaukee So1vay 1
an
e
#1
2,
10
0,
00
0
iJ
ul
y
Maynard Elvttric 1
St
ee
1
#1
1 J
ul
y
Grey Foundry —
N.
A1
1i
s
#2
19
,0
00
_J
u1
y
Ca
ie
do
ni
a
NN
TP
10
3,
00
0
Fe
b.
R41
0 i
ne
\V'W
'1‘1
’
10
,9
00
,0
00
Se
pL
.
10,920,000 1Dvc.
1 1,,..m
 
30,
30,
31,
28,
10,
18,
1975
1975
1975
1975
1975
1975
1973
1974
   
7E5EEEEE§T
PCB Testing 1bs./day
Va
Lu
e
in
of
PC
Bs
ppb Ave. ppb Discharged
5.0 1 .0009
1
11.5 1 1 .001
.1 1 .001
1 1
_,
1
1
1
_
1 1
‘ 1
1 |
.2 1 1 .00003
1 1
1 1
16 1 .0001
i
.27 1 .038
.1 1 .014
1
*A
ve
ra
ge
da
il
y
di
sc
ha
rg
e
fi
gu
re
s
ar
e
ta
ke
n
fr
om
Ch
ap
te
r
NR
10
1
fi
le
s
(f
or
in
du
st
ri
al
di
sc
ha
rg
es
)
an
d
fr
om
mu
ni
—
ci
pa
l
wa
st
e
wa
te
r
fi
1e
s
fo
r
mu
ni
ci
pa
l
disvharged.
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 TABLE 5.4—7
COMPOUNDS IDENTIFIED IN GC/MS STUDY OF EFFLUENTS
DISCHARGED INTO THE LOWER FOX RIVER, WISCONSIN
(Ref. 152)
Acetovanillone
Benzothiazole (10-30 ppb)
Chlorodehydroabietic acid
Chloroindole
Chloro—oxo—dehydroabietic acid
Chlorosyringaldehyde
Chlorotoluene
Chloroveratrole
Chloroxylenes
Dehydroabietic acid (100—3200 ppb)
Dichlorodiene resin acids
Dichloroguaiacol
Dichlorophenol (15—40 ppb)
Diphenylacetaldehyde
— mono, di, trichloro derivatives
Hydroxybenzothiazole (10—30 ppb)
Methylthiobenzothiazole (10—40 ppb)
Monochlorodiene resin acid
Monochlorophenol
PAHs (0.5-10 ppb)
PCBs (0.2—68 ppb)
Pentachloroanisole (0.05—0.78 ppb)
Pentachlorophenol (5—40 ppb)
Syringaldehyde
Tetrachlorodiene resin acids
Tetrachloroguaiacol (10—50 ppb)
Tetrachlorophenol (2-20 ppb)
Trans—stilbene oxide
— mono, di, trichloro derivatives
Trichloroaniline
Trichlorodiene resin acid
Trichlorodimethoxy phenol
Trichloroguaiacol (10-60 ppb)
Trichlorophenol (5—100 ppb)
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TABLE 5.4-8
ORGANIC COMPOUNDS IDENTIFIED IN
MUSKEGON SYSTEM WASTEWATER
Wastewater Sampled
Aerated Holding
I
Lagoo
n
Lagoo
n
Final
Pollutant Influent Effluent Effluent Effluent
Dichloromethane# + + +
1.2 Dichloroethane + + ‘
1.2 Dichloroethylene + — ‘
Toluen + — ‘
Xylene§# + — ‘
Acetone + + +
Dimethyl Sulfide + + —
3—Pentanone + - “
Dimethyl Disulfid + - ‘
Dichlor b zidine + ‘ ‘
Phenol ¥’#¥ # - — ’
Ethylbenzene # - ‘ '
Trichlorobenzene - — —
Diazobenzene + + —
Dichlorggenzophenone + + ’
Aniline + 7 ‘
N-Ethylaniline - — '
N,S-Diethylaniline #; — — '
N,N—Dimethyla#%line 1 + + ‘
Chloroaniline + + "
Benzothiazole
Benzyl#$lcohol## + — -
Cresol - - -
Methoxy Phenol##
Hydroxymethoxyacetophenone
Dimethoxyacetophenene
Chloropropiopgﬁnone
Hexanoic Acid
Decanoic Acid##
Dodecanoic Acid
Tetradecanoic Acid
Hexadecanoic Acid
Heptadecanoic Acid
Octadecanoic Acid
« —Pinene
B —Pinene
a —Terpineol
Trithiapentane##
Tetrathiohexane##
2—Ethyl—l-hexanol
Isoborneol
l
+
+
l
I
/
‘
I
- I
+
+
+
-
>
+
+
u
+
+
I
I
l
I
I
|
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
I
I
I
+
l
I
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TABLE
ORGANIC COMPOUNDS IDENTIFIED IN
 
5.4—8 (CONT’D)
MUSKEGON SYSTEM WASTEWATER
 
Wastewater Sampled
Aerated Holding
Lagoon Lagoon Final
Pollutant Influent Effluent Effluent Effluent
Dec
ano
l
+
_
_
_
Dod
eca
nol
+
+
_
+
Tet
rad
eca
nol
+
_
_
+
2—(
2—(
2—e
tho
xye
tho
xy)
+
_
_
_
ethoxy) ethanol
Tet
rad
ece
ne
—
+
_
_
Tri
met
hyl
iso
cya
nur
ate
—
_
+
+
Atr
azi
ne
_
_
_
+
Hep
tan
oic
Aci
d+
_
++
+
_
Oct
ano
ic
Aci
d
+
++
+
_
Non
ano
ic
Aci
d+
+
++
+
_
Pent
adec
anoi
c Ac
id
—
++
+
_
0—P
hen
yl
Phe
nol
+
+
++
_
_
Ben
zoi
c
Aci
d
+
++
+
_
Phen
ylac
ctic
Acid
+
++
_
_
Sali
cyli
c Ac
id
+
++
_
_
Phe
nyl
pro
pio
nic
Aci
d1L
+
++
_
_
Va
ni
ll
in
'
+
++
_
*
Acetovanillinl + ++ _ _
Hom
ova
nil
lin
$
+
++
_
_
2—(
4—C
hlo
rop
hen
oxy
)
2—M
eth
yl'
+
++
+
_
Propionic Acid
*Presence or absence of pollutant in wastewater is indicated by + or —.
"7" indicates presence suspected but not confirmed beyond reasonable doubt.
**Unless noted otherwise, listed compounds were identified in daily samples
at RSKERL.
#Compounds appearing on the EPA "List of Dangerous Pollutants."
##Id
enti
fied
in b
oth
dail
y sa
mple
s at
RSKE
RL a
nd c
ompo
site
samp
les
at A
ERL.
TIdentified in composite samples at AERL.
++Composite samples of aerated lagoon effluent were not obtained.
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TABLE 5.4—9
(Ref. 125)
AN
NU
AL
PO
UN
DA
GE
OF
ME
TA
L
WA
ST
ES
DI
SC
HA
RG
ED
TO
TH
E
AI
R;
WA
TE
R
AN
D
SO
IL
IN
SE
LE
CT
ED
AR
EA
S
 
Met
al
Ann
ual
Pou
nda
ge
Dis
cha
rge
d
to
the
Air
,
Wat
er,
and
Soi
l*
Rac
ine
Milwaukee
Kenosha
Area
Area
Fox
Rive
r
Val
ley
Marin
ette
Pesh
tigo
Central
Wisconsin
Area
Grafton
Mayville
Hor
ico
n
Beaver Dam
Hartford
Ripon
Fond du Lac
Sheb
oyga
n
Koh
ler
Manitowoc
Two R
ivers
Arsenic
Beryl
lium
3
3
1
Cadmium
Chromium
Cop
per
Lead
Mer
cur
y
Nickel
Sele
nium
Zinc
Total
50
—
75
4
—
19,46
0
31,77
7
6,688 74,099
2,500 117,965
22,933
3,214
64,443
97,115
116,8
28
324,1
70
1,800
3
0
3,3
60
3,820
50
55
9,1
15
530
1,591
2,150
380
2
9
3,0
38
5,907
58,007
71,
632
4,743
3,5
16
870
615
:8,875
18,
619
8,430
405
861
10,145
19,841
 
*all
site
s ar
e no
t in
the
Lake
Mich
igan
Basi
n,
and
are
incl
uded
for
comp
aris
on.
 
 3
3
2
T
A
B
L
E
5
.
4
—
1
0
 
Concent
rations
of Meta
ls in th
e lnflue
nt, Efﬂ
uent an
d Final
Digeste
d Sludg
e from
Selecte
d Wisco
nsin Se
wage Tr
eatment
Plants.
7"
 
Chromium
Copper
Lead
Zinc
Cadmium
Plant
*
E“ 5*
l E
S l
E S
l E
S 1
E S
Appleton
0.056
Beaver Dam
MMI
Chippewa Falls
DePere
Eau Claire
Fond du Lac
Green
Bay MS
D
Janesville
Kauk
auna
Kenosha
La Crosse
Madison MSD
Manitowoc
Mar
shf
iel
d
Menomonie
Milwau
kee M
SD
1. Jo
nesl
s
2. 5.
Shore
Neenah-Menasha
N. Fond du Lac
Osh
kos
h
Por
tag
e
Rac
ine
Rhine
lunde
r
Rip
on
Sh
eb
oy
ga
n
5.
Mil
wau
kee
Ste
ven
s P
oin
t
Supe
rior
Two
River
s
Watertown
Waukesha
West Bend
Whitewater
Wisconsin Rapids
N
1.200
370
700
1.500
490
10.000
350
440
1.4
00
1.300
2.900
1.050
670
1.300
.
1.500
.
39
0
< 0.08
< 0
.05
<0.08
<0.
08
0.
08
<02
m
3.600
1,5
00
2.400
1.750
4 4
,100
6.0
00
1,550
1.9
20
2.3
00
1.4
00
5.500
2.280
4.200
5.3
00
1.8
00
1.
80
0
0.008
<0.
02
<0.01
0.0
15
0.008
<0.02
0.
09
0.016
<0.02
0.02
0,02
0.03
0.008
0.03
<0.02
< 0.008
0.016
<0.
02
15
<00]
<00]
<0.008
<0.02
15
0.03
<0.008
l3
<0.
02
0.
00
8
<0.02
0.0
3
30
0.008
<0.02
< 0.02
0.008 14
N
0
.
.
O
m
y
»
.
—
V
m
C
.
0V
)
é
o
'
o
o
o
d
—
«
o
o
o
o
c
o
o
o
‘
o
'
d
—
C
‘
e
i
O
C
C
O
C
M
n
-
o
‘
o
'
o
'
o
V
v
o
o
o
o
n
—
y
o
o
v
o
m
o
o
O
0
‘
W
V
0.
—
O0
0
0
N
ﬁ
q
m
c
o
t
M
N
o
N
v
m
o
—
w
w
wN
O
D
I
f
)
N
o
t
-
n
0
0
V
V
N
\
O
QC
~
0
~
®
Q
v
V
V
(
“
M
D
V
c
o
o
o
o
o
d
o
o
d
o
'
c
'
d
c
o
—
Q
©
—
N
D
o
o
o
c
O
\
O
O
V
w
N
0
3
©
v
a
m
~
—
1
v
v
"
}
0
6
l
h
l
A
I
O
O
W
O
C
O
O
N
(
\
l
m
m
f
‘
l
v
m
e
m
o
s
0
0
0
0
9
0
0
:
)
m
t
r
)
0I
n
M
O
q
u
c
c
0
w
Q
<
N
v
a
—
q
u
o
c
c
o
o
o
o
c
o
c
a
c
o
d
o
—
o
é
c
d
d
o
;
—
o
_
d
d
oo
M
m
—
o
o
~
q
o
q
q
o
m
v
o
o
m
o
o
o
o
o
o
c
v
o
o
o
o
o
o
o
c
o
V
0
0
0
0
.
1
0
‘
?
(
‘
1
?
V
V
o
o
c
o
d
c
o
o
o
d
V
t
n
<0.02 185
<1Hl:
l<
12
3
O
3
.
4
0
0
2.9
00
490
4.200
1.
20
0
1.
80
0
8.0
00
2
.
4
5
0
2
.
8
0
0
3
.
4
0
0
620
65
0
1.
35
0
0.5
4.300
1.
13
0
1
3
.
3
0
0
3
.
5
0
0
1.3
70
1
7
"
0
0
,
0
6
<0.0Z
(H
il
l
<0,002
0.01
< 0.01
<
0
1
)
:
‘ 0.01
50
0
.
270
0.15
140
0.10 1.780
002
I76
0
< 0.05
350 ’-0
0.08 2.850 0
0.1
950 0
.
0
0
"
C
H
O
O
H
C
N
M
C
O
v
—
v
—
«
c
o
—
«
ﬁ
\
~
9
<
Q
Q
Q
N
N
O
Y
Q
Q
O
N
M
O
<
~
O
"
I
W
O
M
C
O
O
O
O
F
M
O
O
O
O
O
O
O
O
(
\
\
D
M
C
O.
\
t
o
0
41,01
I000:
001
7
<00] 12
<0.02
0
.
0
]
0.04
:70
’
0
0
:
d
o
o
o
o
é
o
o
d
d
d
d
c
d
d
d
0
0
3
7
ovo
N
M
W
co
"
2
o
o
“
W
O
O
‘
C
O
—
C
f
‘
l
V
‘
I
O
O
C
—
P
‘
V
V
n
a
e
-
«
H
e
l
n
v
r
(
T
i
s
o
m
e
-
x
m
‘
r
m
0,06
470
0.2
165
< 0.05 280
< 0.05
290
0.1
850
0,07
520
0.06
1.030
< 0.05
1.680 <0.
08
0.06
580
<0.05
420
< 0.05
300
V
V
W
1
1
"
V
V
N
V
Omm
i
n
0.
24
0.5
<0.05 2.070
<0.05
<0.05
0.22
2.650
<0.05
0.
24
0,28
0.4
0.12
V
l
l
'
H
n
l
‘
v
)
 
*1:
E:
S:
lnfluen
t (conc
entrati
on exp
ressed
as mg/I
)
Efflue
nt (co
ncentr
ation
expres
sed as
mg/l)
_
Sludg
e (con
centra
tion e
xpress
ed as
mg/kg
dr} w
eight)
*all sites are not in the Lake Michigan Basin, and are included for comparison.
__WMQ
E1__w
v
l
<0.0005
<0.0005
0.0016
0.0028
0.0008
0.0009
0.0013
<0
.0
00
7
<0.0
005
"0%
0001
0.0008
0.013
00006
00025
0008
  
1
1
5
0,0
05
< 0.0005
0.0015
0.34
000
06
0.0
007
0
0
0
1
1
< 0,0005
0.003
0001
00
07
  
1i
<0.0005
<0.0
005
0.0005
<0.0
005
0.0003
0.0008
<0.0005
<0.0005
<0_0
005
< 0.0005
(
0
.
0
0
0
5
00005
< 0.0005
‘ 0.0005
0.0015
(1,008
0008
1008
    
S
l .5
.
7
O
5
x
V
N
Q
Q
T
W
f
,
.
H
ﬁ
l
t
h
i
m
u
d
o
i
h
i
r
ﬁ
C
a
n
r
t
w
.
#
1
.
. '
.
c
w
.
‘
7
"
1
'
T
x
f
’
ﬂ
r
r
g
.
1
"
"
‘
x
r
i
r
-
-
x
~
f
—
r
r
—
-
-
,
.
—
r
~
l
-
r
-
—
a
é
r
.
1
r
A
1
0.04
0.28
<0,08
<0.08
<0.04
<0_04
0.12
0
,
1
4
0,15
0,08
0
.
0
8
( 0.04
0,04
0 3
0
2
4
r 0
.04
,
Nic
kel
1i
  
  
  
TABLE 5.4-11
EPA REGION V — ANALYSES OF WASTEWATER
DISCHARGES T0 LAKE MICHIGAN 1975—76
Point Source Discharges Parameter
Mercury Levels >.5ug/L
 
Appleton WWTP, WI 50 ng/l
Scott Paper Co., Onconto Falls, WI 22 pg/L
Fansteel Inc., N. Chicago, IL 0.9 ug/L
Arsenic Levels >250 ug/L
Ansul Company, Marinettee, WI 1540 ug/L
Marinette WWTP, WI 675 ug/L
Lead Levels >100 pg/L
Appleton WWTP 3,000 ug/L
Briggs & Stratton Corp., West Allis, WI 1,020 ug/L
Republic Steel, Calumet River, IL 350 pg/l
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 DATA ON BENTHOS AND PLANKTON
Tab
le
5.5—
1,
tak
en
fro
m t
he
rep
ort
of
the
Env
iro
nme
nta
l R
ese
arc
h
Gro
up
(132
),
sho
ws
the
ave
rag
e t
rac
e e
lem
ent
con
cen
tra
tio
ns
foun
d
in
Lak
e M
ich
iga
n p
hyt
opl
ank
ton
, z
oop
lan
kto
n,
ben
tho
s a
nd
fish
.
Concentration factors (relative to water concentrations) were
calculated, and are shown in Table 5.5—2.
Veith (161) in 1973 reported PCB concentrations of 0.06 mg/kg in
the
amp
hip
od
Pon
top
ore
ia
col
lec
ted
nea
r S
tur
geo
n B
ay,
com
par
ed
to
0.45 mg/kg in Pontoporeia collected offshore from Waukegon.
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 A8
A1
As
Au
Ba
Br
Ca
Ce
C1
Co
Cr
Cs
Cu
Eu
Fe
Hf
Hg
La
Lu
Mg
Mn
Mo
Na
Rb
Sb
Sc
Se
Sm
TABLE 5.5—1
AVERAGE TRACE ELEMENT CONCENTRATIONS FOUND
IN LAKE MICHIGAN BIOTA
Parts Per Million (wet weight)
PHYTOPLANKTON ZOOPLANKTON
.09 .04
419 99
1.5 1
.004 .002
6
4
8 88
20001 17501
<.5 .2
118 1440
.083 .05
.43 .35
.002 .007
6 5
.002 .002
55 40
.009 .005
.16 .09
.80 .91
7251 9701
.22 .066
<.02 .01
3161 2401
11 3.7
7 5.9
3101 2651
1.1 1.8
.07 .08
N.D.2 .01
.19 .60
<.1 .015
335
(132)
BENTHOS
.10
83
2
.003
36
2320
.39
1972
.06
.65
.033
.0017
35
.006
.14
.50
870
.073
.01
500
13.7
3.9
540
2.2
.017
.011
.48
.08
FISH
 
.01
N.D.
N.D.
.0001
N.D.
N.D.
N.D.
N.D.
N.D.
.005
.01
.02
N.D.
N.D.
N.D.
.15
<.5-
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
.001
.0003
 
  
TABLE 5.5—1 CONT'D
ETOPLANKTON ZOOPLANKTON gwg
Sr 14 11 7.5
Th <.02 .007 .007
V .38 .08 .065
Yb < . 2 < . 2 < . 2
Zn 27 23 14
1 Data by Atomic Absorption.
N.D. — Not Determined.
3
Edible Portions, not containing skeletal material or the
internal organs.
336
£81;
<3
N.D.
N.D.
N.D.
 
 TABLE 5.5—2
(Ref. 132)
1
CONCENTRATION FACTORS IN LAKE MICHIGAN BIOTA
ELEMENT PHYTOPLANKTON ZOOPLANKTQN BENTHOS
Ag 300 133 330
Al 15500 3660 3074
As 1500 1000 2000
Au 2000 1000 1500
Ba 162 108 162
Br 160 1760 720
Ca 57 50 66
Ce N.D.2 285 557
c1 10 130 179
C0 461 277 333
Cr 252 206 382
Cs 143 500 2357
Cu 21200 21000 21400
Eu 232 232 197
Fe 2890 2105 1840
Hf 2250 1250 1500
Hg 5900 3330 5185
I 800 910 500
K 453 606 543
La 1100 330 365
Lu N.D. N.D. N.D
Mg 27 21 43
Mn N.D. 3700 3700
M0 350 1950 1950
Na 62 53 108
Rb 1100 2200 2200
Sb 304 347 74
Sc N.D. 3330 3660
Se 2290 7230 5783
Sm N.D. 500 2666
Sr 144 113 77
Th N.D. 2920 2916
v 1900 400 325
Yb N.D. N.D. N.D.
Zn 1690 1440 875
1.) These concentration factors were calculated from the equation:
Concentration in organism
Concentration in Water
 
Concentration Factor =
2.) N.D. = Not Determined
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 5.
DATA ON FISH CONTAMINANTS
In
th
e
La
ke
Mi
ch
ig
an
Ba
si
n,
th
er
e
ar
e
se
ve
ra
l
on
go
in
g
pr
og
ra
ms
wi
th
in
wh
ic
h
fi
sh
ar
e
an
al
yz
ed
fo
r
va
ri
ou
s
co
nt
am
in
an
ts
.
Fo
r
ex
am
pl
e,
th
e
U.
S.
Fi
sh
an
d
Wi
ld
li
fe
Na
ti
on
al
Pe
st
ic
id
e
Mo
ni
to
ri
ng
Pr
og
ra
m
an
al
yz
es
wh
ol
e
fi
sh
sa
mp
le
s
fr
om
ne
ar
sh
or
e
ar
ea
s,
fo
r
va
ri
ou
s
or
ga
ni
c
pe
st
i—
cid
es.
Th
e
Gr
ea
t
La
ke
s
En
vi
ro
nm
en
ta
l
Co
nt
am
in
an
ts
Su
rv
ey
(G
LE
CS
),
ob
ta
in
s
sa
mp
le
s
fr
om
ei
gh
t
zo
ne
s
wi
th
in
La
ke
Mi
ch
ig
an
.
Th
es
e
zo
ne
s
ar
e
sh
ow
n
in
Fi
gu
re
5.
6—
2.
Th
e
Wi
sc
on
si
n
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
sa
mp
le
s
fi
sh
fr
om
ap
pr
ox
im
at
el
y
ni
ne
tr
ib
ut
ar
ie
s
to
La
ke
Mi
ch
ig
an
an
d
fr
om
La
ke
Mi
ch
ig
an
it
se
lf
(i.
e.
Gr
ee
n
Ba
y),
for
de
te
r—
mi
na
ti
on
of
he
av
y
me
ta
l
an
d
or
ga
ni
c
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
.
Mo
st
of
th
e
da
ta
in
th
is
se
ct
io
n
wh
ic
h
em
ph
as
iz
es
re
ce
nt
an
d
tr
en
d
an
al
ys
es
wa
s
ob
ta
in
ed
fr
om
the
ab
ov
e
no
te
d
pr
og
ra
ms
(T
ab
le
5.
6—
1)
.
Ad
di
ti
on
al
in
fo
rm
at
io
n
on
pe
st
ic
id
e
and
PC
B
le
ve
ls
in
La
ke
Mi
ch
ig
an
fi
sh
ca
n
be
fou
nd
in
ref
ere
nce
131
,
"Ch
emi
str
y
of
Lak
e M
ich
iga
n."
Organic Contaminants
Th
e
av
er
ag
e
co
nc
en
tr
at
io
ns
of
DD
T,
di
el
dr
in
an
d
PC
Bs
in
bl
oa
te
rs
,
co
ho
sa
lm
on
an
d
la
ke
tr
ou
t
fr
om
19
69
—7
6,
are
sh
ow
n
in
Ta
bl
e
5.
6—
2
an
d
Fi
gu
re
5.6
—1.
DD
T
co
nc
en
tr
at
io
ns
ha
ve
de
cr
ea
se
d
st
ea
di
ly
,
to
ap
pr
ox
i—
mat
ely
10—
25%
of
the
196
9
con
cen
tra
tio
ns.
The
low
er
lev
els
of
PCB
s n
ote
d
for
197
6
may
ind
ica
te
the
sta
rt
of
a d
own
war
d
tre
nd,
or
the
y m
ay
be
a
ran
dom
per
tur
bat
ion
of
the
dat
a.
Die
ldr
in
lev
els
hav
e
not
cha
nge
d.
An
ex
am
pl
e
of
the
GL
EC
S
da
ta
for
La
ke
Mi
ch
ig
an
fi
sh
co
nt
am
in
an
ts
(15
7)
is
sh
ow
n
in
Ta
bl
e
5.6
—3.
Ta
bl
es
5.
6—
4
an
d
5.
6—
5
ou
tl
in
e
th
e
re
su
lt
s
of
the
Wis
con
sin
Dep
art
men
t
of
Nat
ura
l R
eso
urc
es
stu
dy
on
PCB
lev
els
on
var
iou
s s
pec
ies
of
fis
h (
127
).
Ver
y h
igh
con
cen
tra
tio
ns
of
PCB
s
are
not
ed
for
sev
era
l s
pec
ies
in
var
iou
s l
oca
tio
ns.
The
con
cer
n f
or
the
pre
sen
ce
of
PCB
s w
ith
in
the
Lak
e M
ich
iga
n e
cos
ys-
te
m
ha
s
re
su
lt
ed
in
se
ve
ra
l
sp
ec
ia
l
st
udi
es
.
St
au
ff
er
(15
3)
at
te
mp
te
d
to
eva
lua
te
the
con
cen
tra
tio
ns
of
DDT
and
PCB
s
in
fis
h
egg
s
(Ta
ble
5.
6—
6)
.
Th
e
Ch
ic
ag
o
De
pa
rt
me
nt
of
He
al
th
(1
54
)
an
d
th
e
Wi
sc
on
si
n
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
(12
7)
ev
al
ua
te
d
th
e
co
nc
en
tr
at
io
ns
of
PC
Bs
in
co
mm
er
ci
al
ly
av
ai
la
bl
e
fi
sh
(T
ab
le
s
5.
6—
7
an
d
5.
6—
8)
.
Th
e
st
ud
y
by
th
e
Ch
ic
ag
o
De
pa
rt
me
nt
of
He
al
th
fo
un
d
no
si
gn
if
ic
an
t
ch
an
ge
s
in
th
e
PC
B
co
nc
en
tr
at
io
ns
af
te
r
co
ok
in
g
th
e
fi
sh
by
va
ri
ou
s
me
th
od
s.
Se
ve
ra
l
re
ce
nt
re
su
lt
s
ha
ve
be
en
re
po
rt
ed
on
co
mp
ou
nd
s
ot
he
r
th
an
PC
Bs
,
DD
T,
di
el
dr
in
,
et
c.
Lu
dk
e
(1
56
)
re
po
rt
ed
th
e
pr
es
en
ce
of
a
ch
lo
ri
na
te
d
ca
mp
he
ne
co
nt
am
in
an
t
wh
ic
h
ha
d
be
en
ea
rl
ie
r
re
po
rt
ed
as
to
xa
ph
en
e
in
la
ke
tr
ou
t.
Ve
it
h
(1
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un
d
di
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s
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d
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s—
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rd
an
e
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d
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an
s—
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na
ch
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r
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fr
om
Gr
ee
n
Ba
y.
Th
e
U.
S.
FD
A
(1
58
)
id
en
ti
fi
ed
se
ve
ra
l
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en
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ph
at
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rp
fr
om
Wa
uk
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an
Ha
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.
Si
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s
an
d
Al
le
n
(1
06
),
ho
we
ve
r,
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d
no
t
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te
ct
an
y
TF
M
in
lake trout.
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e
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l
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Mi
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.
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e
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me
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y
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w
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m.
A
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l
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y
(1
24
)
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ow
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mo
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e
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y
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ed
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Wi
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n
fi
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s
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th
e
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 TABLE 5.6-1
ORGANIC COMPOUNDS IDENTIFIED IN
LAKE MICHIGAN FISH TISSUE
 
COMPOUNDS CONCENTRATIONS
DATE
LOCA
TION
IDEN
TIFI
ED
(ppm
)
SPEC
IES
SOUR
CE
196
9—7
6
Sau
gat
uck
DDT,
Die
ldr
in,
PCB
s
See
Tab
le
5.6
—2
Blo
ate
r
155
196
9-7
6
Eas
t C
ent
ral
DDT,
Die
ldr
in,
PCB
S
See
Tab
le
5.6
—2
Coh
o S
alm
on
155
Lake Michigan
197
0—7
6
Sau
gat
uck
DDT,
Die
ldr
in,
PCB
s
See
Tab
le
5.6
-2
Lak
e T
rou
t
155
197
4
Who
le
Lak
e
Chl
ori
nat
ed
cam
phe
ne
N,I_
(a)
Lak
e T
rou
t
156
197
4
Who
le
Lak
e
DDT
, P
CB,
Die
ldr
in
See
Tab
le
5.6
—3
157
1974—76 Wisconsin waters PCB See Table 5.6—5
5.6—4
197
6
Gre
en
Bay
Dic
hlo
rob
enz
ene
N.I.
(a)
N.I.
108
Cis-chlordane ﬁ
Trans—chlordane
Trans—nonachlor
1976
Wauk
egan
Harb
or
Trip
heny
l ph
osph
ate
0.06
-0.1
2
Carp
158
Diphenylnonylphenyl
phosphate 0.16—0.28
Diphenylcumylphenyl
phosphate 0.22-0.41
DDE 0.8—1.4
PCB 7-8
COMPOUNDS SOUGHT BUT NOT DETECTED
1973 Saugatuck 3—trif1uor0methy1—4
ni
tr
op
he
no
l
(T
FM
)
La
ke
Tr
ou
t
10
6
Detection Level — 0.01 ppm
(3) N.I. — not indicated
 
  
TABLE 5.6-2
Concentrations of pesticides and PCBs in fall collections of Lake Michigan
bloaters and lake trout off Saugatuck, Michigan, and coho salmon from east—
central Lake Michigan. (Ref. 155)
Species
Average
and Number length Total £0T Dieldri? Total 5585
Year of fish (mm) Ug/g — Ug/g " Ug/g —
Bloaters
1969
120
270
9.94
(0.3
3)
0.27
(0.0
1)
-
1970
28
263
9.87
(1.4
4)
0.19
(0.0
2)
-
1971
603/
264
6.24
(1.1
3)
0.27
(0.0
6)
—
1972
120i
/
255
4.33
(0.4
8)
0.18
(0.0
3)
5.66
(0.9
5)
1973
1602
/
250
2.09
(0.2
6)
0.28
(0.0
2)
5.24
(0.3
7)
1974
1102
/
257
1.33
(0.1
4)
0.28
(0.0
3)
5.57
(0.3
1)
1975
170§
/
249
1.27
(0.2
0)
0.39
(0.0
3)
4.54
(0.3
6)
1976
1103
/
253
0.90
(0.0
6)—41
0.35
(0.0
2)
4.11
(0.2
2)
Coho salmon
196
9
11
621
11.
82
(2.6
9)
0.2
1 (
0.02
)
-
1970
13
651
14.0
3 (1
.29)
0.12
(0.0
2)
-
1971
15
674
9.85
(1.4
1)
0.11
(0.0
1)
-
197
2
10
693
7.1
7 (
1.09
)
0.1
3 (
0.04
)
10.
93
(2.1
2)
197
3
29
620
4.4
8 (
0.34
)
0.0
9 (
0.01
)
12.
17
(0.7
7)
197
4
30
665
3.8
2 (
0.34
)
0.1
0 (
0.01
)
10.
45
(0.9
2)
197
5
30
645
3.2
5 (
0.20
)
0.1
0 (
0.01
)
10.
77
(0.5
9)
197
6
30
635
2.9
8 (
0.2
0)
0.0
8
(0.
01)
9.2
1 (
0.4
6)
Lake trout
197
0
18
613
19.
19
(3.
27)
0.2
7
(0.
05)
—
197
1
20
579
13.
00
(1.
76)
0.2
0
(0.
03)
—
197
2
9
648
11.
31
(3.
26)
0.2
0
(0.
06)
12.
86
(4.
75)
197
3
30
602
9.9
6 (
1.3
6)
0.2
7
(0.
03)
18.
93
(2.
08)
197
4
30
616
8.4
2 (
1.74
)
0.3
0 (
0.03
)
22.
91
(3.7
3)
197
5
29
613
7.5
0
(1.
25)
0.3
5 (
0.0
3)
22.
28
(2.
90)
197
6
30
606
5.6
5
(1.
04)
0.3
0 (
0.0
2)
18.
68
(2.
66)
1 . . . . . . .
—/Concentrat10ns in whole flsh, wet weight w1th 95% confldence interval in
parentheses.
Z-/Composite samples, 5 fish/sample.
3/
4 Composite samples, 10 fish/sample.
4/
— p
,p—
DDT
plu
s p
,p—
DDE
mea
sur
ed
as
DDE
in
sap
oni
fie
d s
amp
les
.
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FIGURE 5.6—1
MEAN CONCENTRATIONS OF CHLORINATED
HYDROCARBONS IN FISH FROM EASTERN
LAKE MICHIGAN (US. FWS DATA)
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 TABLE
5.6—3
SUMMARY
OF
GLECS
DATA
CONTAMINANTS
IN
LAKE
MICHIGAN
FISH
(157)
SBecies
Size
Number
DDT
PCB
Mercurz
Dieldrin
 
Salmon
Lake Trout
Trout
Trout
Burbot
Ppm
00.83
00.
12
00.56
00.69
02.18
03.70i1.34
04.15:1.65
00.9Q:O.48
02.56t1.79
04.88i2.l6
04.
72
00.85:O.43
03.25
05.77:3.73
07.
34
01.03
iﬂ.18
01.44:0.6O
01.99
13.34
01.95
03.
52
12.85
25.77
02.08:0.69
02.
74
01.04
02.23:0.97
00.12:0.07
PPm
01.39
00.22
01.64
00.99
03.06
07.92:3.59
09.01t3.98
02.10:1.02
04.83i3.05
O9.08i3.26
09.70
02.39:1.49
05.69
11.86:7.02
15.48
02.58:Q.75
02.93:1.35
04.
10
24.
84
03.
82
06.
56
19.55
27.80
03.74:1.20
05.41
02.87
03.26:O.94
00.30:0.24
Ppm
00.
08
00.36
00.
18
00.15
00.
32
00.32:0.00
00.49:0.12
00.16:Q.07
00.30
:0.12
00.52:0.15
00.
60
00.14
:0.04
00.40
.00
.43
:0.
03
00.
46
00.1
1i0.
00
00.11
:0.03
00.16
00.49
00.
16
00.19
00.45
00.53
00.10
:.00
00.11
00.13
00.15:0.04
00.18:0.04
PPm
00.09
00.00
00.04
00.09
00.14
00.12:0.05
00.15:0.06
00.03:0.00
00.09:0.03
00.12:0.00
00.18
00.08:0.00
00.11
00.18:0.08
00.19
00.0
5:0.
00
00.12
:0.06
00.14
00.19
00.
21
00.
22
00.25
00.
30
00-22
:0.10
00.
32
00.
12
00.24:0.07
00.00:0.00
 
’$
1
.
.
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TABLE 5.6—4
FI
SH
SP
EC
IE
S
CO
LL
EC
TE
D
AN
D
AN
AL
YZ
ED
FO
R
PC
Bs
*
(Ref. 127)
Name Letter Code
Alewife A
Bloater Chub BC
Blue Gill B
Brook Trout BT
Brown Trout BR
Bowfin BW
Bullhead BU
Burbot BB
Carp C
Chub CH
Cisco CI
Coho Salmon CS
Chinook Salmon CN
Crappie CR
Freshwater Drum D G
Gizzard Shad GS
Herring H
Lake Trout LT
Lake Whitefish LW
Large Mouth Bass LMB
Menominee M
Northern Pike NP
Panfish PF
Pumpkinseed P
Rainbow Trout RT
Redhorse R
Sheepshead SH
Small Mouth Bass SMB
Smelt SM
Sucker S
Sunfish SF
Tiger Trout TT
Walleye W
White Bass WB
White Sucker WS
Yellow Perch YP
7"
Re
su
lt
s
ou
tl
in
ed
in
Ta
bl
e
5.
6—
5
345
 
TABLE 5.6—5
PCB LEVELS
IN FISH FROM VARIOUS WISCONSIN WATERS
IN THE LAKE MICHIGAN BASIN
  
Fish Collection Description
ppm PCB
PORT10N** %
SITE DATE SPECIES SAMPLED ANALYZED FAT LOW HIGH
*
Grid #0608 & 0609 05/77 1CH WF 23.5 3.3 3.3 3.3
Bailey's Harbor 11/74 3BR EP 15.2 1.6 4.3 6.6
Bailey's Harbor 04/77 10LW F 10.5 0.9 1.1 1.7
Sturgeon Bay 05/71 15LT EP ~ 1 1 11.9 41.3
Sturgeon Bay 11/74 1BR, 3LT EP 9.3 3 5 10.1 25.5
Sturgeon Bay 06/75 3LT F 10.0 2 7 11.7 26.5
Grid #0905 06/75 6PR EP 2.1 1.6 3.3 5.0
Algoma
11/74
1CN
EP
0.9
15
15
15
17CS EP 3.5 0.2 5.5 10.5
23R EP 11.6 1.6 3.5 5.3
1TT EP 4.5 4.9 4.9 4.9
27LT EP 15.1 2.1 17.2 43.8
Algoma Grid #1004
09/75
10LT, 10LT
WF,F
8.8
1.6
5.6
14.9
Kewaunee
06/76
8LT
F
17.4
1.9
13.4
21.0
2WF, 22YP, 65 F 24.5 0.6 1.2 2.3
Two Rivers Harbor 06/76 1LT, 1BT, 2BR, 1Lw,
1WF, 43 F
5A WF 5.8 0.8 3.3 5.6
05/77 4CH EP 16.9 2.4 2.9 3.4
Manitowoc Harbor 06/76 1CS, 2LT, 3BR, 1BT,
1RT, 2LW F 10.1 1.8 8.2 7.2
Sheboygan #1502 05/75 23R F 11.5 0.0 1.7 3.4
8LT F 9.9 0.1 5.9 18.2
Sheboygan #1503 05/75 1 BC F 4.5 0.3 0.3 0.3
Sheboygan Beach 07/75 3C, 1BR F 12.9 9.5 12.0 28.0
Sheboygan Harbor 06/76 3W8 F 2.4 22 22 22
2LT F 12.2 7.9 16.5 25
1CS F 5.7 26 26 26
5A, 3WF, 1BT, 1RT,
5BR, 1CN F 5.9 2.4 6.2 12.0
10 mi. S.E. Sheboygan 04/77 30CH WF 10.9 1.5 2.0 2.6
Port Washington 07/75 1RT, 2B1, 3BR, 4C F 15.6 5 9 14.6 24.0
Port Washington Beach 07/75 7SM F 5.8 0.6 2.0 5.1
346
 
  
TABLE 5.6—5 CONT'D
ppm PCB
P
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I
O
N
Z
‘
—
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—
~
—
SI
TE
DA
TE
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EC
IE
S
SA
MP
LE
D
AN
AL
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ED
FA
T
LO
W
X
HI
GH
Gr
id
#1
80
3
05
/7
7
SC
H
EP
17
.8
4.
9
4.
9
4.
9
Gr
id
#1
80
5
05
/7
7
22
CH
EP
25
.6
3.
8
5.
3
7
4
Wh
it
ef
is
h
Ba
y
05
/7
7
9W
F
F
16
.8
1.
0
2.
0
3
3
Mi
lw
au
ke
e
#1
90
1
05
/7
2
10
LT
EP
—
11
.2
22
.4
61
.8
05
/7
5
6L
T
F
9.
2
3.
2
6.
8
11
8
3B
T,
1T
T,
20
3
F
5.
0
1.
3
2.
7
5.
5
Gr
id
#1
90
3
05
/7
7
2O
CH
E?
15
.6
3.
4
4
3
5.
0
Gr
id
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20
3
05
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7
15
CH
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23
.1
3.
8
6
1
8.
8
Mi
lw
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ke
e
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ef
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20
CH
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16
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3
7
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4
Gr
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00
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&
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5
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H,
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T
F
11
.0
1.
2
3.
0
4
3
St
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/7
4
12
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,
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S
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2.
4
1.
8
9.
1
17
.0
11
/7
6
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N
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4
4.
1
7.
0
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5
Sa
nd
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y
06
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6
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10
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,
10
A
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2.
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0.
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1
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r
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0
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nd
Ba
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/7
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12
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,
6W
8
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1.
1
0.
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5.
1
Sn
ak
e
Is
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/7
6
15
W
F
0.
9
0.
5
0.
6
0.
7
04
/7
7
10
PK
F
0.
9
0.
7
2.
8
6.
4
3Y
P,
2O
BU
F
1.
6
.9
1.
2
1.
5
Ch
am
be
rs
Is
la
nd
02
/7
5
4W
F
EP
12
.3
1.
4
l
7
2.
0
4
mi
.
3.
Ch
am
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rs
Is
.
02
/7
5
Am
?
B?
20
.4
2.
2
8.
0
15
.2
5
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.
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IS
.
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5
4W
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19
.9
2.
0,
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7
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S.
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—
15
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21
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35
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Is
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02
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E?
16
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5
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9
9.
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S
t
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a
y
0
4
/
7
5
7C
EP
2
3
.
0
5.
5
2
2
.
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1
.
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S
t
u
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g
e
o
n
B
a
y
0
4
/
7
7
8
W
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2.
5
0
.
5
1.
5
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Pt
.
S
a
b
l
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#
1
0
0
1
0
1
/
7
6
5
N
?
F
0
.
5
0
.
5
1.
5
2.
7
4B
U,
6W
3,
4C
,
1G
S
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2.
5
0.
9
5.
2
13
.3
G
r
i
d
#
1
0
0
1
0
4
/
7
7
1
0
W
F
F
1
1
.
2
3.
7
8
2
1
7
.
3
D
e
a
d
H
o
r
s
e
B
a
y
0
1
/
7
6
1
W
B
F
2
.
7
8
.
0
8
.
0
8
.
0
3B
B,
8Y
P
F
0.
4
0.
6
0.
9
1.
5
Gr
id
#0
80
4
06
/7
5
3L
T
F
2.
9
10
.0
11
.8
14
.9
5Y
P
EP
2.
9
3.
2
4.
4
5.
6
11
/7
5
22
LT
,
ll
EP
,1
0F
12
.6
6.
4
12
.2
20
.0
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TABLE 5.6-5 CONT'D
ppm PCB
PORTION % ————
SITE DATE SPECIES SAMPLED ANALYZED FAT LOW 2 HIGH
Grid #0704 06/75 1CS F 7.7 6.2 6.2 6.2
T30N R24E 816 08/76 6C F 12.1 5.4 6.3 7.2
3WF, 3NP, 3B, SBU,
3CR. 10YP, 10P F 3.5 0.0 1.4 1.9
Red Arrow Park 04/77 27SM WF 4.2 2.5 2.7 3.1
05/77 SYP F .5 .2 .2 .2
Off Pensaukee 08/76 9C F 8.6 5.2 5.6 7.8
3NP, 15MB, 5BU, 2CR,
3P F 1.0 0.5 1.0 2.4
Elm Marsh 04/77 1N? F 1.0 3.6 3.6 3.6
Bel Ansul Chem 08/76 5C F 12.0 4.6 12.5 20.3
3w, 3NP, 3LMB, 530,
10PF, 10YP F 3.8 0.2 4.1 3.3
Below DePere 05/77 4C 3WF,1F 4.5 2.5 25.9 90.0
2w, 3NP, 6ws, 13w, F
19YP 15WF,9F 2.0 0.5 5.7 6.8
Neenah 05/77 25C 15WF,10F 4.8 2.7 18 5.0
2W, 1NP F 1.5 1.8 3.1 5.2
Lit. B. Des Mort 02/76 20YP F 0.3 0.6 0.8 0.9
06/76 11C F 9.1 12.0 25.6 39.0
08/76 8BU F 6.0 5.2 9.4 13.6
6WB E? 4.9 9.3 9.6 9.8
23, 10w F
10YP 5EP,5F 0.8 1.2 1.6 3.1
Butt
e De
s Mo
rt
06/7
6
6C
F
6.6
1.5
1.7
1.8
Lake
Winne
bago
08/74
29D
EP
12.9
0.2
0.3
0.4
Calumet Harbor 04/76 9SH F
& L
k W
inn
eba
go
06/
76
6C
F
8.6
0.0
0.3
0.8
Eureka Dam 07/74 lLMB, lWS, lNP, 6C,
3R
EP
5.9
0.1
0.5
1.8
Lak
e P
uck
awa
y
06/
76
12C
F
4.3
0.5
1.0
1.4
Gr.
Riv
er
Loc
k
07/
74
lLM
B
EP
3.0
6.7
6.7
6.7
23
w,
1S
,
lN
P,
10
,
6C
EP
3.
3
0.
4
1.
0
2.
1
Buf
fal
o
Lak
e
07/
75
2C
F
2.8
2.1
3.9
5.7
1CR, 3B, 23F, 3BU,
SYP
,
2W5
,
3N?
0.
5
0.
1
3.8
1.5
Ct.
Tr.
0.
Br
id
ge
07
/7
4
1W5
HP
6.9
32.
7
32
.7
32.
7
2N
P
EP
2.
1
13
.2
15
.4
17
.6
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 TABLE 5.6—5 CONT'D
 
ppm PCB
PORTION Z , _
SIT
E
DAT
E
SPE
CIE
S
SAM
PLE
D
ANA
LYZ
ED
FAT
LOW
x
HIG
H
Ct.
Tr.
0.
Bri
dge
07/
74
80
EP
12.
2
21.
4
35.
9
45.
8
(continued)
Co.
Tk.
0.
Bri
dge
06/
76
4W8
F
0.8
2.8
18.
0
48.
0
3C
F
6.1
22.
0
30.
0
38.
0
6B, 4CR, EP
4NP
F
4.0
3.7
7.7
9.8
3RB, ZYP WF
SB
U
EP
2.
0
19
.0
30
.5
50
.0
*
Wi
th
re
fe
re
nc
e
to
th
e
le
tt
er
co
de
in
Ta
bl
e
5.
6—
4,
1
CH
im
pl
ie
s
th
at
l chub (CH) was analyzed.
** W.F: whole fish
F; fillet
E.P: edible portion
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 TABLE 5.6—6
D
D
T
A
N
D
PC
B
C
O
N
T
E
N
T
OF
E
G
G
S
F
R
O
M
LA
KE
M
I
C
H
I
G
A
N
LA
KE
T
R
O
U
T
(Ref. 153)
 
Av
er
ag
e
Co
nc
en
tr
at
io
ns
(r
an
ge
s
fo
r
co
mp
os
it
e
sa
mp
le
s
di
am
et
er
(m
m)
fr
om
4
fi
sh
)
DDT PCBs
(ppm) (ppm)
 
2.
74
—5
.2
4
5.
33
—9
.9
0‘
\
2.
57
—3
.9
5
4.
84
—8
.3
0
1.
41
—3
.5
5
3.
16
-6
.3
3
  
TABLE 5-6-7
CHICAGO DEPARTMENT OF HEALTH
AN
AL
YS
ES
OF
PC
BS
IN
CO
MM
ER
CI
AL
LY
AV
AI
LA
BL
E
FI
SH
FR
OM
LAKE MICHIGAN
(Ref. 154)
Portion Number
Sp
ec
ie
s
An
al
yz
ed
Sa
mp
le
s
Co
ho
Sa
lm
on
Wh
ol
e
(a
)
29
Fillet 24
Ch
in
oo
k
Sa
lm
on
Wh
ol
e
(a
)
13
Fillet 14
St
ee
l
He
ad
Wh
ol
e
(a
)
Fillet
Brown Trout Whole (a)
Fillet
Perch ?
  
 
  
 
(a)
Wi
th
ou
t
he
ad
,
ta
il
an
d
in
na
rd
s.
 TABLE 5.6-8
ANALYSES FOR PCBS IN LAKE MICHIGAN FISH
PREPARED FOR HUMAN CONSUMPTION
(Ref. 127)
PCB Concentration (ppm)
§p
§c
ie
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sh
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g
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w
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.
)
13.
\
J
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rp
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ur
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w
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m
w
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m
m
w
w
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.
.
.
.
.
.
.
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ke
Tr
ou
t
Gr
id
80
6
(b
oi
le
d)
(boiled)
(boiled)
(boiled)
(boiled)
(deep fry)
(deep fry)
(deep fry)
(deep fry)
(baked)
(baked)
(baked)
(baked)
(baked)
H
D
O
U
'
I
L
»
)
\
l
O
O
O
V
O
O
O
‘
I
—
‘
O
C
O
N
N
O
K
O
N
w
o
p
o
w
a
o
o
o
o
r
—
I
x
o
o
o
m
m
J
—
‘
U
I
L
Q
O
N
O
O
O
L
A
J
U
J
J
—
‘
O
L
I
‘
I
La
ke
Tr
ou
t
Gr
id
70
6
14.
.
(d
ee
p
fr
y)
6.0 5.7 (deep fry)
0
H L
2
.
)
C
D
197
6:
Wis
con
sin
Dep
art
men
t o
f
Nat
ura
l
Res
our
ces
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TABLE 5.6—9
  
MERCURY CONCENTRATIONS IN
LAKE MICHIGAN FISH TISSUE
Ppm +
Year Location Species Range . Source
1967—68 Lakewide Alewife O. 56
American Smelt
Bloater .13-.51 .25—.04
+
Deepwater Sculpin .52—.96 .72—.07
Lake Trout .11—.22 .19i'.o3
Lake Whitefish .07
+
Quillback .36—.75 .56-.20
Yellow Perch .11—.14 .12302
1970-71 Lake All species .05—.70 .14 124 g
Michigan
vicinity Door
TWP and
Kewaunee TWP
Milwaukee
River All species .05-.35 .18
and Harbor
Green Bay All species .Ol—.75 .27
Menominee
River All species .06-l.72 .43
1970 Kewaunee Brown trout .11 124
(100% as methyl
mercury)
1974 Whole Lake Lake trout, salmon,
Chub, Burbot See Table 5.6—3 157
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TABLE 5.6—10
 
(Ref. 125)
Arsenic. Cadmium, Chromium. Lead and Zinc Levels in Fish From Wisconsin Waters
 
Sumple
     
1.1:ng1h _ Metal Levels in ppm
Water (‘ounty m 5111' u < _ Ugh; Nunilven Sm'qg: < (Inchex') Cr Zn Cd As Pb
Fox R
iver
Racin
e
Below
Burli
ngton
5 Aug
1970
548
Sucke
r
14.6
0
0.28
480 Sucker 16.0 7 7 0 7 0.75
481 Redhorse 16.0 0 5.7 7 7
483 Carp 0.32
485 (mp 0 0.22
488 2 (‘ruppie ' 7 0 7 —
484 White Bass 140 0.03 4.0 0 --
476 Smallmouth Buss 17.3 7 4.7 0 7
551 Channel Catfish 12.0 ' 0 7 7
552 (‘hunnel Catﬁsh 12.0 0 0.35
Green
Bay
Brown
E. of
Fox R
iver
5 Aug
1970
1,193
(‘urp
.
16.0
0
0.44
‘ Mouth 1,194 Carp 16.0 7 0 0.46
1.195 Carp 16.0 0 0.27
1.191 Carp 111.11 0.117 8.8 7 7.
1.190 Carp 30.0 0.27 7.1 7 —
Green
Bay
Door
N. of S
turgeo
n Buy
5 Jun
1970
358
5 Suck
er
14.7-18
.5
7
7
0.12
Canal 360 Lake Alewile 6.7-9.5 7 7 0 7 0.12
363 Cixco 16.0 0 3.7 7 0.10 7
359 3 Burbol 20.0-28.8 0 5.1 0.10 7
356 Like Trout 26.0 7 7 7 7 0.11
355 Lake Trou1____ 28.5 7 7 0.35 7
lake Michigan Kewaunee E. of Kewuunee 1 Jun 1970 323 10 Alewife 5.6-8.0 7 — — 7 0
335 Rainbow Trout 17.7 7 0 — 0.25
332 Brown Trout 18.5 7 — 0 7 0.25
336 Brook Trout 17.3 0 3.2 — 0 7
334 Coho Salmon 19.3 0 4 1 — 41.14 —
Lake Winnebago Winnebago Asylum Bay 23 Apr 1970 232 Freshwater Drum 13.5 — — 0 — 0.05
228 Freshwater Drum 140 — — 0 — 0.05
229 Freshwater Drum 17.0 0 4.1 — 0 7
231 Freshwater Drum 17.0 — — — 0 —
238 2 Crappie 11.0 7 7 0 7 0.05
236 Crappie 1 1.0 7 0 7 0.05
234 Crappie 11.0 0 4.6 — O —
237 Northern Pike 12.0 0 4.8 — 0 —
239 Northern Pike 20.0 7 7 0 — 0.94
Menominee River Marinette River Mouth 20 May 1970 182 2 Sucker 14.0-18.0 7 — O — 0.07
and 66 2 Sucker 20.0 7 — 0 — 0.18
15 Jun 1970 181 3 Bullheads 8.8-9.1 — — 0 — 0.05
69 3 Bullheads 8.5-10.0 — — 0 — 0.05
214 2 Sunfish 7.0 0.04 5.7 7 0 7
176 Sunfish 7.5 0 4.8 —
215 Largemouth Bass 14.5 0 3.7 7 0 7
185 Lamemouth Buss 16.0 0 4.1 0.12
Milwaukee River Milwuukce Above North Ave. 9.1ul 1970 418 8 Goldﬁsh 10.0 0 18.3 7 0.10 7
417 3Curp 10.0-13.0 7- 7 0 — 0.30
416 (‘urp 14.0 7 7 0 - 0.27
415 Carp 16.0 7 7~ 7 0 7
Milwaukee River Milwaukee MilwaukeeHarbor 20 May 1970 18 Sucker — 0.42 6.9 0 —
and 22 3 Sucker — — — 7 7
25 May 1970 17 2Coho Sulmon 18.0-20.0 0 4.6 7 0
Milwaukee River Ozuukee Above Thicnwille 81111 1970 407 4 Sucker 10014.0 0 4.8 7 0 7
408 4 Sucker 11.0-12.0 0 4 7 7 0
4119 Carp 15.0 - 7 0 0.05
410 Carp 17.0 7 — 0 7 0.30
411 (‘urp 18.0 0 10.6 7 0 —
414 Northern Pike 15.0 — - 0 - 0.06
412 Northern Pike 17.0 0 4.2 -— 7
h A _ a 413 Northern Pike 17.11 — 0 — 11.115
'3 5 3
.7
DATA ON WILDLIFE
Table 5.7—1 summarizes the results of studies on organic contaminant
levels in Lake Michigan wildlife. Of particular interest are
the results of J. J. Hickey (159) which were reportedby S. J.
Kleinert at the Joint Hearing of the Assembly Environmental Quality
Committee with the Senate and Assembly Natural Resources Committees
on NR 212 Administration Rules for PCB Effluent Standards in
Semptember 1976 (127). Analyses were made of sediments, insects,
fish, herring gull adults, chicks and eggs, merganser and heron in
Green Bay, and the results are reported in Table 5.7—2. Very high
levels of PCBs are noted in fish eating birds such as the merganser.
Herring gulls which died in tremors also had very high levels
of PCBs.
Also in 1970, the Wisconsin Department of Natural Resources analyzed
deer, rabbit, grouse, pheasants, several species of ducks and geese
for mercury contamination (124).
Also the table contains the results of the study by Peterson and
Ellarson (160), whereby 100 old squaw (an amphipod eating duck)
livers were analyzed for mercury.
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The results are shown in Table 5.7~3.
 TABLE
ANALYSES
FOR ORGANI
C CONTAMIN
ANTS IN LA
KE MICHIGA
N WILDLIFE
myng trash ﬁght I
. . .
11 11.11.. .
HEPTA-
OXY— PCBs
SAMPLING
NO.
PORTION
DIEL— CHLOR
CHLOR-
AROCLOR PHO
TO
DATE SITE S
AMPLES SPECIES ANALYZ
ED MIREX D E D
DD DDT DRIN E
POXIDE BHC HCB
DANE PCBS 1260
MIREX SOURCE
   
1973 Green Bay — Insects,
V
127, 159
See Table
Birds,
5. 7—2
Eggs
1974 Grand
Star—
0.27 0.02
TR 0.005 TR
TR 0.01 0.33
7:
Traverse Co. lings
1974 Kent County
Star—
0.29 0.02
TR 0.01 0.02
TR 0.01 0.17
72
lings
1974
10 Herring Eggs
TR 32 TR
0.13 0.5 0.2
0.04 91
1975
gulls (TR—2
.5) (lb—145) (.07
—.39) (.3—.9) (.1—.6)
(.02—.1A) (55—395)
73
L
n
“1 1977 Hat Island
9 Herring Eggs
.21 28 .21
.16 .72
.03 .12
97 .09
gulls (j.29) (:9) (:.02) (:.05) (:360) (:.O3) (:.09) (i31) (:.10) 74
1977 Little Sister
10 Herring Eggs
.07 31 .26
.18 .65
.02 .13
90 .04
Island (:.04) (:13) (i.07) (1.12) (:.21) (:.01) (:.05) (:27) (:.02) 74
 TABLE 5.7—2
(Ref. 127)
Pre
lim
ina
ry
res
idu
e
dat
a—G
ree
n
Bay
eco
sys
tem
,
197
3—7
4.(
1)
SEecimen
Bottom muds—1973(3)
PontoBoreia—l973
Insects—Coleoptera-l974
Fish—1974
Smelt
Lawyer
Alewives
Whitefish
Fillet
Viscera
Lake Trout Fillets
Herring Gull Adults
Collected-l973-Breast
Muscle(5)
Collected—1974 Breast
Muscle
Died in Tremors—1973
Brain
Herring Gull Chicks
Collected—1973 Breast
Muscle
Collected—1974 Breast
Muscle
Died in Tremors-1974
Whole Body
Red—breasted Merganser
Eggs—1973
Black—crowned Night Heron
Eggs-1973
Ring—billed Gull
Eggs-1974
Herring Gull Eggs
Green Island—1973
Green Island—1974
Apostle Islands
Lake Superior-1974(6)
No. of
pools
analyzed
'
_
|
H
H
10
H
No.
indivi
Per P
281
131
75
17
3—4
10
10
15
356
 
of mg/kg fresh weight
duals Mean PCB(2)
ool Est. 1254 Est. 1248
.026 ND(4)
.58 ND
.091 ND
1.62 4.49
1.56 3.68
.96 1.61
.84 2.72
9.01 3.71
7.23 11.6
180 24.9
118 41.2
304 134
9.06 10.1
6.39 5.56
442 154
260 52.5
57.3 39.1
84.1 30.7
169 52.1
198 6.67
333 49.3
 
 TABLE 5.7—2 CONT'D
 
No. of No. of
pools individuals Mean PCB(2)
Spec
imen
anal
yzed
per
pool
Est.
1254
Est.
1248
Sister Islands
Add
led
egg
s-1
973
1
10
463
74.
1
Add
led
egg
s—1
974
l
10
421
77.7
Crac
ked
eggs
—197
3
l
19
347
68
Cra
cke
d e
ggs
—19
74
l
15
322
67
Ren
est
egg
s-1
973
(6)
1
10
71.
1
71.
1
Rand
om C
olle
ctio
n-19
71
3
4
178
39.8
Rand
om C
olle
ctio
n—19
72
3
3-4
309
73.1
Ran
dom
Col
lec
tio
n-1
973
3
3—4
349
107
Ran
dom
Col
lec
tio
n-1
974
3
4
249
74.
2
(1) All residues expressed as ppm wet—weight basis.
i
(2)
Whe
re
mor
e t
han
one
poo
l w
as
ana
lyz
ed,
the
mea
ns
are
wei
ght
ed
for
the
sam
ple
size of each pool.
(3)
Res
idu
e d
ata
mus
t b
e c
ons
ide
red
unr
eli
abl
e b
eca
use
NaZ
SO4
con
tam
ina
tio
n w
as
approximately equal to this value.
(4) ND = Not Detected
(5)
The
se
dat
a a
re
sus
pec
t b
eca
use
of
one
ext
rem
ely
low
sam
ple
and
mus
t b
e r
ech
eck
ed.
(6)
Data
susp
ect—
samp
le n
umbe
r sw
itch
susp
ecte
d.
Samp
les
will
be r
eche
cked
.
 
 Date
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
TABLE 5.7—3
ANALYSES FOR MERCURY IN LAKE MICHIGAN WILDLIFE
(Ref. 124, 160)
Sampling Site
Kenosha County
Marinette County
Kenosha County
Marinette County
Marinette County
Kenosha County
Bayfield County
Bayfield County
Douglas County
Green Lake County
Grand River
Wildlife Area
G
r
e
e
n
L
a
k
e
C
o
u
n
t
y
Grand River
Wildlife Area
Green Lake County
Grand River
Wildlife Area
Manitowoc County
Manitowoc County
Winnebago County
No. of
Samples
2
Species
White—tailed deer
(Mature Male)
White-tailed deer
(Mature Female)
Cottontail rabbit
Cottontail rabbit
Ruffed grouse
Ring—necked
pheasant
Mallard duck
Wood duck
Wood duck
Green—winged teal
Mallard
Shoveler
B
l
u
e
—
w
i
n
g
e
d
t
e
a
l
Mallard
Mallard
358
Tissue
 
PPm
An
al
yz
ed
we
t
we
ig
ht
So
ur
ce
Mu
sc
le
0.
01
12
4
Liver 0.01
Muscle T
Liver T
Muscle T
Liver T
Muscle T
L
i
v
e
r
0
.
0
1
M
u
s
c
l
e
0
.
0
1
Muscle T
L
i
v
e
r
0
.
0
1
M
u
s
c
l
e
0
.
0
2
L
i
v
e
r
0
.
1
4
M
u
s
c
l
e
0
.
0
1
L
i
v
e
r
0
.
0
3
Muscle 0.19
Liver 0.35
M
u
s
c
l
e
0
.
0
5
L
i
v
e
r
L
0
.
1
3
M
u
s
c
l
e
0
.
0
2
L
i
v
e
r
0
.
1
0
M
u
s
c
l
e
0
.
4
,
0
.
2
L
i
v
e
r
1
.
0
,
0
5
M
u
s
c
l
e
0
.
2
9
L
i
v
e
r
0
.
8
5
Muscle 0.10
Liver 0.39
M
u
s
c
l
e
0
.
1
6
Liver 0.37
Date
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
Samgling Site
Winnebago County
Bayfield County
Bayfield County
Bayfield County
Big Green Lake
Big Green Lake
Big Green Lake
Grand River
Wildlife Area
Milwaukee County
(Lake Michigan)
Milwaukee County
(Lake Michigan)
Milwaukee County
(Lake Michigan)
Milwaukee County
(Lake Michigan)
Oconto County
Oconto County
Milwaukee County
Grand River
Wildlife Area
Grand River
Wildlife Area
Grand River
Wildlife Area
T
A
B
L
E
5
.
7
—
3
C
O
N
T
'
D
No. of
Samples
1
 
SEecies
Wood duck
Bufflehead
Canvasback
Lesser scaup
Goldeneye
Lesser scaup
Ringneck
Ringneck
Bufflehead
Goldeneye
Lesser scaup
Old squaw
Goldeneye
Lesser scaup
American coot
Canada goose
Snow goose
Blue goose
359
 
Tissue ppm
Analyzed wet weight Source
Muscle 0.08
Liver 0.05
Muscle 0.12
Liver 0.53
Muscle 0.01
Liver 0.04
Muscle 0.12
Liver 0.43
Muscle 0.35
Liver 0.84
Muscle 0.60
Liver 0.20
Muscle 0.02
Liver 0.01
Muscle 0.03
Liver 0.01
Muscle 0.16
Liver 0.73
Muscle 0.13
Liver 0.44
Muscle 0.31
Liver 1.01
Muscle 0.15
Liver 0.78
Muscle 0.24
Liver 1.23
Muscle 0.08
Liver 0.25
Muscle 0.08
Liver 0.35
Muscle 0.01
Liver 0.01, 0.02
Muscle 0.01
Liver 0.01
Muscle 0.02
Liver 0.01
 
 Date
1970
1970
1970
1971
SamEling Site
Waukesha County
Grand River
Wildlife Area
Lake Michigan
 
TABLE 5.7—3 CONT'D
No. of
SamBles SEecies
1 Canada goose
2 Pied—bill grebe
100 Old squaw
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Tissue ' ppm
Analyzed wet weight Source
Muscle 0.01
Liver 0.02
Muscle 0.5, 0.5
Liver 1.5, 1.9
Liver 0.74
(0.23—3.19) 160
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ABBREVIATIONS AND CHEMICAL SYMBOLS
USED IN THIS REPORT
Abbreviations
BHC: Benzene hexachloride. The Y isomer is also called lindane.
DBP: Dibutyl phthalate
DDE: l,l-dichloro-2,2-bis(p-chlorophenyl)ethylene
DDT: Dichlorodiphenyltrichloroethane
DEP: Diethyl phthalate
DEHP: Di(2-ethylhexyl)phthalate
EP: Edible portion (in reference to fish samples)
F: Fillet (in reference to fish samples)
GLECS: Great Lakes Environmental Contaminant Survey
HCB: Hexachlorobenzene
HCBD: Hexachlorobutadiene
HEOD: Hexachloro—epoxy—octahydro—dimethanonapthalene.
(Commonly known as dieldrin)
ng: nanogram (one billionth of a gram)
PAH: Polyaromatic hydrocarbon
PBB: Polybrominated biphenyl
PCB: Polychlorinated biphenyl
PCT: Polychlorinated terphenyl
ppb: parts per billion (nanograms per gram)
ppm: parts per million (micrograms per gram)
SD: Standard deviation
TDE: Tetrachlorodiphenylethane, also referred to as: DDD
TFM: 3-trifluoromethyl—A—nitrophenol
TWP: Township
WTP: Water treatment plant
WWTP: Wastewater treatment plant
Chemical Symbols
Ag: Silver Mo: Molybdenum
As: Arsenic Ni: Nickel
Cd: Cadmium Pb: Lead
Co: Cobalt Se: Selenium
Cr: Chromium Sr: Strontium
Cu: Copper V: Vanadium
Mg: Mercury Zn: Zinc
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